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advertisement. 


T H E Committee appointed by the Royal Society to direct.the pub- ' 
licat'ion of the Fhilofophical Tranfadms, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations, which have 
been made in feveral former Tranfaclians, that the printing of them'was 
always, from time to time, the Angle ad of the refpethive Secretaries, till 
the Forty-feventh Volume: the Society, as a body, never interefting them- 
felves any further in their publication/than by occafionally recommending 
the revival of them to feme of their Secretaries, when, from the particular 
circumftances of their affair?, the fran/adions had happened for any 
length of time to be intermitted. And this feems principally to have 
hem done with a view to fatisfy the Public, that their ufual meetings 
were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of their firfc mftitution by the Royal Charters, 
and which they have ever fincc Readily puifued. 

Rut the Society being of late years greatly inlarged, and their com- 
'munications more numerous, it was thought advifeablc, that a Committee 
of their members fliould be appointed to reconfider the papers read be¬ 
fore them, and fckft out of them fuch, as they Humid judge moft pro¬ 
per for publication in the future tra/atom 5 which was accordingly 
done upon the 2.6th of March 1752- And the grounds of their choice 
are, and will continue to be, the importance and Angularity of the fiib- 
ii-ebi, or the advantageous manner of treating them ; without pretending 
to nnfwer for the certainty of the faffs, or propriety of the reafonmgs, 
contained in the feveral papers fo publiflied, which muft ftill reft on the 

credit or judgment of their refpeaivc authors. , 



[ iv ] 

It is likewife neceffary on this occafion to remark, that it is an efta- 
blifhed rule of the Society, to which they will always adhere, never to 
give their opinion, as a body, upon any fubjeft, either of Nature or Art, 
that comes before' them. And therefore the thanks, which are fre¬ 
quently propofed from the chair, to be given to the authors of fuch pa¬ 
pers, as are read at their accu domed meetings, or to the pcrlbns through 
whofe hands they receive them, are to be confidered in no other light 
than as a matter of civility, in return for the refpeft fhewn to the Society 
by thofe communications. The like alfo is to be faid with regard to 
thefeveral pro]efts, inventions, and curiofitics of various kinds, which 
are often exhibited to the Society ; the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news-papers, that they have met with the higheft applaufc 
and approbation. And therefore it is hoped, that no regard will here¬ 
after be paid to fuch reports, and public notices; which in fome inflanccs 
have been too lightly credited, to the dilhonour of the Society. 
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TRANS ACTIONS, 


I. A Letter from Sir William Hamilton, K. B. F. R. & 
to Sir John Pringle, Bart. P. R. S. giving an Account 
of certain 1 races of Volcanos on the Banks of the , 
Rhine. 


s I R, 
Read Dec. n, 
* 777 - 


■From on hoard a Yacht on flic Rhine, 
near Mayence, Sept. 29, 1777. 


' \ S I do not recoiled! ever to have heard 
of, or feen, any account of ancient 
volcanos on the hanks of this river, I have the pleafure 
of fending you a few imperfedt remarks,, which I have 


Vol. LXVIII. 









Sir william Hamilton’s Account of 
juft made during a five-days moft delightful paflage up 
the Rhine from Bonn to Maycnce. The full certain 
token of volcanos having exifted in this country was evi¬ 
dent to me in the court of the palace of the Eleclor- 
palatine at DuftcldorfF, which is at this moment new 
paving with a lava exactly like that of Etna and Vefu- 
vius. Upon enquiry 1 was told, that it came from a 
quarry belonging to the fame Elector at Unkel, between 
Bonn and Coblenz. When I arrived at the gates of Co- 
logne, I was ftruck with the fight of numberlefs bafaltic 
columns inferted in the walls of the town; and l re¬ 
marked,, that columns of the fame fort were univerfally 
ufed as polls in the ftreets, and at every door; they are 
chiefly pentagonal, but feme are hexagonal, and a few 
have only four tidesthey are very like the bafaltes of 
the Giants Caufeway, but without their regular articula¬ 
tions. I was informed, that they came like wife from the 
Unkel quarry; and that the town of Cologne is in pof- 
feffion of an ancient right to as much ftone from that 
quarry as may be wanted for its own ufe. I perceived 
Kkewife, that the walls of moft of the ancient buildings 
in the town of Cologne were of a tuffa exaftly refem- 
bling that of Naples and its environs- This fpecies of 
ftone, as I was informed, abounded on the banks of the 
Rhine, between Bonii and Coblenz: thefe ciixumftances 
' • V ..Made 




Volcanos on the Banks of the Rhine-. ^ 

made me keep a fharp look-out, and, on my approach to 
Bonn,.was ftruck with the volcanic forms of the Seven- 
hergen, or Seven Mountains, about two leagues from the 
town, on the other fide of the Rhine. In the walls and 
ftreets of Bonn are many of the above mentioned co¬ 
lumns of bafaltes, and the pavement of the Town is of 
lava. The ftone in general ufe for building here, is a 
very compaft one, a hard volcanic tuffa like that of Pia- 
nura near Naples, and of the fort called Piperno in Italy; 
it is fomething like free-ftone, but, upon near infpehtion, 
is mixed with fragments of lava and other volcanic fub- 
ftances. 

The day after my arrival at Bonn I vifited Wolcken* 
berg, Tackenfelts, and Stromberg, three of the Seven* 
Bergen, and found the two firft entirely compofed of 
tuffa, and the laft of tuffa and lava : I dare fay, by the 
lhape and appearance of the reft of thefe mountains, I 
fliould have found them all equally compofed of the 
fame volcanic fubftances, had my time allowed me to 
have examined them. The craters on the mountains I 
vifited are difcernable, though much altered, and filled 
up by time and the rabbifh thrown from the quarries 
that are conftantly worked on their tops. On each fide 
of the Rhine, moft of the way from Bonn to Coblenz, 
particularly between Prohl and Andernach, I perceived 

B % 



4 Sir WILLIAM HAMILTON’S ACCOUttt of 

high rocks of lava or tuffa. Where the volcanos had not 
operated, the mountains and rocks are of date. At 
Erpel, in a mountain clofe to the river, and oppofite the 
convent fituated on an ifland about three leagues from 
Bonn, there are fome traces of bafaltic columns, the 
quarry feeming to have been nearly exhaufted. I have 
often thought (and this exhaufted quarry brings it to my ' 
mind again) that the reafon why there are fcarcely any 
remains of lavas that have taken the columnal form on- 
Vefuvius and the volcanos near Naples is, that they have 
been carried off for the ufe of paving the great Roman 
roads. The Appian way is moftly compofed of lava of a 
pentagonal and hexagonal form, and fee|ns evidently 
made of pieces of fuch bafaltic columns. Thefe lavas* 
being ready cut by nature, would naturally be carried off 
firft, as the cutting of folid rocks- of lava for fucli pur- 
pofes is attended with very great expence. 

At Unkel, above a league further on towards Coblenz, 
juft oppofite the town on the other fide of the Rhine, is 
the great quarry belongingto the Elector Palatine, which 
affords amoft pleafing and Uncommon fight : it is entirely 
compofed of the moft regular detached-bafaltic columns, 
and though-millions of thefe columns have been ex- 
traded, as the ; towns-of Cologne and Bonn teftifjyyfo 
the quarry is very rich. They lie moftly in an horizon- 
4 ■ ■ ' tal 



Volcanos on the Banks of the Rhine. 5 

tal diredtion, but fome are perpendicular, and others in¬ 
clining towards the Rhine, which, being very low, 
fhews many of them in the bed of the river itfelf; they 
rife, from thence, into the mountain (where is the prefent 
quarry) above .100 feet. They are, as I mentioned be-: 
fore, chiefly pentagonal; the fmalleft are in general the. 
moft diftindt and regular, about fix inches diameter; the. 
largeft of the columns that I.meafured in this quarry (or 
indeed that I had remarked any where) was about three- 
feet long, and about one foot and a half diameter. The_ 
other lavas in this neighbourhood are of the fame fub- 
ftance, and fome incline to the fame forms, but none fo 
regular. I have not the leaft doubt but that all bafaltes, 
wherefoever they exift, have originated from.fubterra-- 
neous fire, and are true lavas. 

, I hope fome one, who has more leifure, will examine 
this curious country particularly. It is wondeful to me,, 
that fuch vifible tokens of great volcanic productions, .in 
a country fo well inhabited, Ihould not have attracted the 
attention of naturalifts more than they feem to have 
done. 

I mult not forget to mention another curious eifeum^- 
fiance: at Andernach, between Bonn and Coblenz,! faw 
vaft . heaps of tuffa ready cut, lying on the banks off 
the. Rhine, and fome Dutch vefiels loading it; upon. 

enqpiry 



6 Sir william Hamilton’s Account of, 8cc. 
enquiry I found, that a confiderable trade of this ma¬ 
terial is carried on between this town and Holland, where 
they grind down this fort of ftone by wind-mills into a 
powder, which they ufe as a puzzolane for all their build¬ 
ings under water. This alfo correfponds with an idea 
mentioned in one of my former letters to the Royal So¬ 
ciety, that the tuffas of Naples were compofed of a puz¬ 
zolane, prepared by volcanic fire deep in the bowels of 
the earth, and, mixing with water at the time of its ex- 
plofion, formed a fort of natural mortar or cement. The 
Dutch reduce it again to its priftine Rate of puzzolane* 

I flatter myfelf you will excufe my fending you fuch 
crude and haffcy remarks, as my time will not allow me 
to examine further: I only mean to point out this cu¬ 
rious country for further inveftigation. What I have 
juft feen confirms me in the opinion, that volcanic opera¬ 
tions are much greater agents of nature than is generally 
imagined. 

I am, See, 
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II. Of the Heat , 8tc. of Animals and Vegetables:. 

By Mr. John Hunter, F. R. S.. 

Read June ig 5 anc! Nov* 13, 1777* 

T N the courfe of a variety of experiments on animals 
and vegetables,.! have frequently obferved that the re- 
fultof experiments in the one has explained the ceconomy 
of the other, and pointed out fome principle common to 
both; I have therefore collected fome experiments which; 
relate to the heat and cold of thofe fubftances.- Having, 
found variations in the degree of heat and cold in the 
fame experiment,, for which I could not account; I fuf— 
peCted that this might arife from fome imperfection ins 
the conftruCtion of the thermometer. I- mentioned to- 
Mr. ramsden my objection to the common conftruCtioni 
of that inftrument, and my ideas of one more perfect 
in its nature, and better adapted to the experiments ini 
■which I was engaged. He accordingly made me tome-' 

'■ * i 

very fmall thermometers, fix or feven inches long, not- 
above -f-ths of an inch thick in the Item; having the ex¬ 
ternal diameter of the ball very little larger than that of 
■ . the* 
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the item, on which was marked the freezing point. The 
item was embraced by a frnall ivory fealc lb as to Hide 
upon it eafdy, and, retain any pofition. Upon the hol¬ 
low fnrface of this fcale were marked the degrees which 
were feen through the item. By thefe means the ii/.c of 
the thermometer was very much reduced, and it could 
be applied to foft bodies with much more eafe and cer¬ 
tainty, and in many cafes in which the former ones 
could not be conveniently applied: I therefore repeated 
with it fuch of my former experiments as were not ori¬ 
ginally fatis factory, and found the degrees of heat very 
different, not only from what I generally imagined, but 
alfo from what I had found in my former experiments 
with the thermometers of the common oonitnuStion. 

I have obferved in a former paperi^, and f ind it fupported 
by every experiment I have made on the heat and cold 
of animals, that the more perfect have the greatefl power 
of retaining a certain degree of heat, which may be 
called their ftandard heat, and allow of much lefs varia¬ 
tion than the more imperfect animals: however, it will 
appear from the firft, fecond, and third experiments, that 
•many, if not all of them, are not capable of keeping 
conftantly to‘one ftandard; but vary from their ftandard 

(a) Vide Philofophical Tranfa&ions for the year 1775, vol, LXV. part II. 

p- 446.'.' ■ '': • ■'.■■■/ '• ■ . . ■ 
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heat, either by external applications, or difeafe. How¬ 
ever, thefe variations are much greater below the ftan- 
dard heat than above it; the perfect animals having a 
greater power of refitting heat than cold, fo that they 
are commonly near their ultimate heat. Indeed we do 
not want any other proof of this variation than our own 
feelings *. we are all fenfible of heat and of cold, which 
fenfations could not be produced without an alteration 
really taking place in the parts affedled; which alteration 
in the parts could not take place, if they did not become 
actually warmer or colder. I have often cooled my 
hands to fuch a degree, that I have put them into pump- 
water, immediately pumped, to warm them; therefore, 
my hands were really colder than the pump-water. 

Real inc-reafe of heat mutt alter the texture or pofition 
of the parts, fo as to produce the fenfation called heat: and 
as this heat is dirainiflied, the texture or pofition of the 
parts is altered in a contrary way j which, when carried 
to a certain degree, becomes the caufe of the fenfation of 
cold. Now thefe effects could not take place in either 
cafe without a real increafe or decreafe of heat in the 
part; heat, therefore, in its different degrees, muff be 
prefeat. When heat is applied to the (kin, it becomes 
hot, in fome degree, according to the application; and 
this may be carried fo far as actually to bum the living 
Vol. LXVIII. G 
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parts: on the contrary, in a cold atmofphere, a man’s 
hand fhall become fo cold as to lofc the fenfation of cold 
altogether, and change it for that of pain. Real heat 
and cold can be carried fo far, as even to alter the itrac- 
ture of the parts upon which the actions of life depend. 

As animals are fubjeCt to variations in their degrees of 
heat and cold from external applications, they are of 
courfe, in this refpeCt, affeCted in fome- mcafure like in¬ 
animate matter; and therefore, as parts are elongated or 
recede from the common mafs, thefe effects more rea- 
dily take place: for iriftance, all projecting parts and ex¬ 
tremities, more efpecially toes, fingers, liofe, ears, ,combs 
of fowls, particularly of the cock, are more readily cooled, 
and are therefore moft fubjedt to be affeCted by cold. Ani¬ 
mals are not only fubjeCt to increafe and decreafe of 
heat, fimilar to inanimate matter; but the tranfition from 
the one to the other (as far as they allow themfelves to 
go) is nearly as quick. However,. r fhall not confine, 
myfelf to fenfation alone, for it is in fome degree ruled 
by habit. : the habit of uniformity in the degree of the. 
one or the other;, will be the caufe of a confiderable in- 
creafe of fenfation from the fmalleft variation; while the. 
habit of variation in the degree of heat and cold, will, in 
a proportional degree, prevent the fenfation arifing from 
either: but we fhall be guided by a&ual experiment, 
a The 
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The parts above mentioned Quiz, projecting parts and 
extremities) are fuch as will admit of the greateft change 
in their degrees of heat and cold, without materially af¬ 
fecting the animal. I find that they will raife or fink 
the thermometer, in fome degree, according to the exter¬ 
nal heat or cold applied; although not in a proportional 
degree to this application, as would be the cafe in inani¬ 
mate matter. Nor are the living parts cooled or heated 
in the fame degrees, which appears from the application 
of the thermometer to the fkin; for the cuticle may he 
confidered as a dead covering, capable of taking greater 
degrees of heat or cold, than the living parts underneath 
can do; and it might be fufpeCted, that the whole of the 
variation was in the covering. To remove this doubt I 
made the following experiments. 

exp. i. I funk the ball of my thermometer under my 
tongue, which lay perfectly covered by all the furround¬ 
ing parts, kept it there fome minutes, and found that it 
rofe to 97°; having continued it fome time longer there, 
I found it rofe no higher. X then took feveral pieces of 
ice, about the fize of walnuts, and put them in the fame 
fituation, allowing them to melt in part, but not wholly, 
that the application of cold might be better kept up, oc- 
cafionally fpitting out the water arifing from the folu- 
tion: this I continued for ten minutes, and found, on 

.. c % 
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introducing my thermometer, that it fell to 77 0 ; fo 
that the mouth at this part had loft ao° of heat. It gra¬ 
dually role to 97 0 again; but the thermometer in this ex¬ 
periment did not fmk fo low as it would have done in the 
hand, if a piece of ice had been held in it fo long. Per¬ 
haps one reafon may be affigned: the furface under the 
tongue being furrounded with warm parts, renders it 
next to an impoflibility to cool it to any greater degree: 
but I fufpedt ftill another reafon, viz. parts which have 
been in a habit of conliderably varying in this refpedt, 
as the hand, will allow of greater latitude, being as it 
were infenlibly drawn into cold, nor fo fufceptible of it, 
as has been already obferved. 

As a further proof, that the more perfed animals are 
capable of varying their heat, in fome degree, according 
to the external heat applied, I lhall adduce the following 
experiments made on the human fubjed. 

The mouth being a part fo frequently in contad with 
the external atmofphere- in the adion of breathing, 
whatever is put into it will be fuppofed to be influenced 
by that atmofphere; this will always render an experi¬ 
ment made in the mouth, relative to heat and cold, in 
fome degree doubtful* I imagined that the urethra 
would anfwer better, becaufe it is an internal cavity, and 
can be only influenced by heat and cold applied to the 

external 
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external fkin of the parts. I imagined alfo, that what¬ 
ever effects heat or cold might have, when applied, would 
fooner take place in the urethra than in any other part 
of the body,.as it is. a projecting part; and therefore, if 
living animal matter was in any degree fubjeCf to the 
common, laws of matter in this refpedt, the urethra 
would be readily affeCted: for this purpofe I got a per- 
fon, who allowed me to make fuch experiments as I 
thought neceffary. 

exp,, ii. I introduced the ball of my thermometer into 
the urethra about an inch; after it had remained there 
a minute,the quickfilver rofe only to 9 2°; at two inches, 
it rofe to 93 0 ; at four inches, the quickfilver rofe to 94 0 ; 
and when the ball had got as far as the. bulb of the ure¬ 
thra, where it is furrounded by warm parts, the quick— 
filver rofe to 97 V 

exp. hi. Thefe parts being immerfed in water heated; 
only to 65° for one minute, and.the thermometer intro¬ 
duced about an inch and a half into the urethra, the 
quickfilver rofe to 79 0 : this was repeated feveral times■< 
with the fame fuccefs. To find if there was any differ¬ 
ence in the quicknefs- of the tranfition of heat ands cold: 
in living and dead parts, and alfo if the. latitudes to' 
which each would go were alfo different,; Imade the; 
fiollowing;experiments. Aa this (viz* $0 ur^hra.)/ffij|^ 
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appeared to me to be the very heft part of any animal 
body for experiments of this kind, I had recourfe to it; 
and as all comparative experiments fliould be as fimilar 
to one another as poflible, excepting in thole points 
where the difference (if there is any) makes the effential 
part of the experiment, I procured a dead penis. 

exp. iv. The heat of the penis of a living perfon, an 
inch and a half in the urethra, was 9 2,° exactly. I 
ilrft heated the dead one to the fame degree, and then 
had the living one inimerfed in water at 50% at the fame 
time immerlxng the dead one in the fame water; when, 
introducing the thermometer at different times, I ob~ 
ferved their comparative quicknefs in cooling from 9 a 0 . 
The dead one cooled fatter; but only by two or three de¬ 
grees. The living came down to 58°, and the dead 
to 55 0 . After having continued the thermometer 
there fome time longer, it fell no lower. I repeated 
the fame experiment feveral times, with the fame fuc- 
cefs; although fometimes there was a fmall difference in 
the degrees of heat from thofe of others, the heat of the 
water alfo differing; but the difference in the refult was 
nearly in proportion, in all the three different trials, there¬ 
fore the fame conclufions are to be drawn from them. 
Iff thefe laft experiments we find very little difference 
between the'cooling of a part of a dead body, and that 
£>f the living ; but we cannot fuppofe that this can take 

place 
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place through the whole body, as in this cafe a living, 
man fliould always be of the fame degree of heat with 
the atmofphere in which he lives. The man not choofing 
to be cooled lower than 53 0 or 54 0 , put it out of my- 
power to fee if the powers of generating heat were 
exerted in a higher degree, when the heat was brought 
fo low as to threaten deftrudtion; but from fome experi¬ 
ments on mice, which will be related hereafter, it will 
appear, that the animal powers are called upon to exert" 
themfelves in this, when neceflaryi 

From the experiments related I found, that'parts of 
an animal were capable of becoming much colder than 
the common or natural heat: I therefore made farther 
experiments, with a view to fee whether the fame parts 
were capable of becoming much hotter than the ftandard 
heat of animals. The experiments were made in the- 
fame manner as the former,, only the water, was now 
hotter than the natural heat of the animal. 

exp. v. The natural heat of the parts being 9 a 0 , they 
were now immerfed in water heated to 113 0 for two mi¬ 
nutes, and the thermometer being introduced as before,, 
the.quicklilver rofe to 1 oo°f. This experiment I alio re¬ 
peated feveral times, but could not raife the heat of the 
penis beyond ioo°|:.this was probably owing to the' 
perfon not being able at this time to bear the application? 
of. water warmer than 113 0 , As fhefe were only, fihgle 
;iy - V. ■ ; ■■ V A oVekpe--' 
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experiments, l ehoAs to make a comparative one with the 
.dead part. 

kxi\ vi. Both the living and dead part being im- 
■nuTi'ed in water, gradually made warmer and wanner 
.from too’ to x 18°, and continued in this heat for feme 
minutes, the dead part raifed the thermometer to x 14°, 
while the living could not raile it higher than 
It was obferved, by the perfon on whom the experiment 
was made, that, after the parts had been in the water 
about a minute, the water did not feel hot; but, on its 
being agitated, .it felt fo hot that lie could hardly bear it. 
Upon applying the thermometer to the iides of the liv¬ 
ing gland, the quickfllver immediately fell from 118° to 
about 104°, while it did not fall above a degree when put 
ulofe to the dead; fo that the living gland produced a 
cold fpace of water around it w . 

exp. vxi. The heat of the return in the fame man 
was 9 S°~ exactly. 

In the fecond, third, fourth, fifth, and fixth exixxi- 
ments, we had an internal cavity, which is both very vaf- 
cular and fenfible, evidently influenced by external heat 
and cold, though only applied to the drill of the part; 

(b) This might furniih an ufeful hint refpe&ing bathing in water, whether 
colder or warmer than the heat of the body: for if intended to be either colder 
or hotter, it will foon be of the fame temperature with that of the body; there¬ 
fore in a large bath, the patient Ihould move from place to place: and in a fmall 
one, there Ihould be a conftant fucceJiion of water of the intended heat. 

.'■’■■k' ■ ' . ' ' •while, 
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while,. in the feventh experiment, another part of the 
fame body, where external heat and cold can make little 
or no impreffion, was of the ftandard heat. Although 
we fhall find hereafter, from experiment, that the redtum 
is not the warmeft part of an animal; yet, in order to 
determine how far the heat could be incr'eafed by ftimu- 
. fating the conftitution to a degree fufiicient to quicken, 
the pulfe, I repeated the feventh experiment after the 
man had eaten a hearty fupper, and drank a bottle of 
wine, which increafed the pulfe from. 73 0 to 87°, and 
yet the thermometer only rofe to 9 8°~. 

Having formerly made experiments upon dormice in 
the fleeping feafon, with a view to fee if there was any 
alteration in the animal oeconomy at that time, I find 
amongft thefe experiments the following which appear 
to be to our prefent purpofe: but, that 1 .might be more 
certain of the accuracy of my former experiments, I re¬ 
peated them with my new thermometer. 

exp. viii. In a room, in which the air was at between 
50° and 6o° of temperature, a fmall opening was made 
in the belly of a dormoufe, of a fufficient fize to admit the 
ball of my thermometer, which, being introduced into 
the belly at about the middle of that cavity, rofe to 
8o°, and no higher. 

Vol. LXVIIL , © \' f *& 
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ext. ix. .The moufe was put into a cold atmofpliere 
of 15 0 above o, and ieii there for fifteen minutes; 
after which, tire thermometer being introduced a fecund, 
time, it rofe to 85°. 

exp. x. The moufe was again put into a cold atmo- 
fphere for fifteen minutes more; and the thermometer 
being then introduced, the quickfiiver rofe to 72 0 only, 
but gradually came up to 83°, 84°, and 85°. 

. exp. xi. It was put a third time into the cold atmo- 
fphere, and allowed to ftay there for thirty minutes; the 
lower part* of the moufe was at the bottom of the difh, 
and almoft frozen; the whole of the animal was a little 
numbed, and a good deal weakened. When the ther¬ 
mometer was introduced, it varied according to the dif¬ 
ferent parts of the belly; in the pelvis, near the parts 
mold expofed to the cold, it was as low as 6a 0 ; in the 
middle, among the inteftines, about 70°; but near the 
diaphragm it rofe to 8o°, 8a°, 84% and 85°; fo that in 
the middle of the body the heat had decreafed io°. 
Finding a variation in different parts of the fame cavity- 
in the fame animal, I repeated the fame, experiments 
upon another dormoufe. 

exp, xii. I took a healthy dormoufe,. which had been, 
afleep in a room in which there was a fire (the atmofphere 
at 64°) ; I put the thermometer into its belly,,nearly at the 

. . ' ■ ^ ' : ' middle, 
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middle, between the thorax and pubis, and the quick- 
iilver rofe to 74 0 or 75 0 ; when I turned the ball towards 
the diaphragm, it rofe to 8o°; and when I applied it 
to the liver, it rofe to 81 °~. 

exp. xiii. The moufe was put into an atmofphere at 
2,0°, apd left there half an hour; when taken out, it was 
Very lively, much more fo than when put in. I intro¬ 
duced the thermometer into the lower part of the belly, 
arid it rofe to 91 0 ; and upon turning it up to the liver, 
to 93 0 . 

exp. xiv. The animal was put back into the cold at- 
jnofphere at 30° for an hour, when the thermometer 
was again introduced into the belly; at the liver it rofe 
to 93 0 ; in the pelvis, to 9 a 0 : it was ftill very lively. 

exp. xv. It was again put back into the cold atmo¬ 
fphere at 19 0 , and left there an hour; the thermometer 
at the diaphragm was 87°; in the pelvis, 83°; but the 
animal was now lefs lively. 

exp. xvi. It was put into its cage, and two hours after 
the thermometer, placed at the diaphragm, was at 93 0 ; 

■ From thefe experiments we have adtual heat increafed 
ahd decreafed by the application of external cold; and 
likewife the heat varied according to the powers of life, 
as well in the fame parts, as alfo in the different parts, 
of the fame animal; for at firft the natural heat of'the 
- ’ ' j> % " *'"'y' ■ . •fjh'itiStrial. • 
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animal was much below the common ftandard, and, by 
the application of cold, and the powers of refiftanec 
to the cold being thus increafcd, the heat was confident- 
bly augmented;,but when the animal was weakened by 
thofe exertions,, it fell off with refpedt to the power of 
producing heat, and this in proportion to the diftance 
from the heart. 

Why the heat of this animal fhould be fo low as Soc¬ 
man ztmofphere of between 50° and 6o°, is not eafily, 
accounted for, except upon the principle of deep. But' 
l ihould very much fufpedt, that the Ample principle 
of fleep is out of the queftion, as deep is an effedt that 
takes place in all degrees of heat and cold. In thofe ani- ■ 
mals where the voluntary actions are fufpended, it ap¬ 
pears to be an effedt aridng from a certain degree of 
cold acting as a fedative, under which the animal faculties 
are proportionably weakened, but dill retain the power of 
carrying'on all the functions of life under fuch cimim- 
ftances; but beyond this degree cold feems to aft as a iti- 
mulant, and the animal* powers are roufed to action for 
felf-prefervation. It is. more than probable, that mod 
animals are under this predicament; and that every or~ 
der has its degree of cold, in which the voluntary actions 
ean be fufpended. 

When man is adeep, he is col&r than ,w|if)n awak^;*, 
ant * 1 9 in general, that the diffcrence.is about one de- 
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gree and a half, fometimes lefs. But this difference in • 
the degree of cold between Beeping and waking is not a 
eanfe of fleep, but an effecft; for many difeafes produce a 
much greater degree of cold in the animal, without giv- 
ing the leaf! tendency to fleep; therefore the inactivity 
of animals from cold is. different from fleep. Befides, all . 
the operations of perfect life are going on in the time of 
natural fleep* arteaft in the perfedt animals, fuch as di~ - 
geftion, fenfatidns, &c.; but none of thefe operations are ■ 
performed in the latter tribe. 

To fee how far the refult of thefe ; experiments upon - 
dormice was peculiar-to them, I repeated the fame expe- - 
ments upon common mice. I procured two; one ftrong, 
and vigorous, the other weakened by falling. ■ 

exp. r xvii. The common atmofphere being at 66°, I; 
introduced the thermometer into the abdomen of the • 
ftrong moufe: the ball being at the .diaphragm, the quicks * 
filver was raffed to 99°, but at the pelvis only to 96°|. 

Hero there was a real difference of about 9 0 , in two ' 
animals of the fame flze, in feme degree of -the fame * 
genus, and at the fame feafon of the year, and theatmo^ - 
fphere.of nearly the fame temperature^.: 

exp. xvii 1..'The fame moufe was put into' a cold at~ - 
mofphere of 13°,'fcan hourj a.hd then thefh#l®oiiil*§r^ 
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was introduced as before; the quickfilver at flic dia¬ 
phragm was railed to 83°, in the pelvis only to 78°. 

Here the real heat of the animal was cUtiuniihed 16* 
at the diaphragm, and 18° in the pel vis. 

exp. xix. In order to determine whether an animal 
that is weakened, has the fame powers, with, refpedt to 
preferving. heat and cold, as one that is vigorous and 
ftrong, I introduced the ball of the thermometer into the 
belly of the weak moufe; the hall being at the dia¬ 
phragm, the quickfilver rofe to 97°; in the pelvis to 95 0 
the moufe being put into the cold atmolphcre as the 
other, and the thermometer again introduced, the quick- 
filver flood at 79 0 at the diaphragm, and at 74 0 in the 
pelvis. ' • 

In this experiment the heat at the diaphragm was tli- 
minifhed 18 0 , in the pelvis ai°. 

Here was a diminution of heat in the fecond greater 
than in the firft, we may fuppofe proportional to the 
decreafed power of the animal arifing from want of food. 
To determine how far different parts of other ani¬ 
mals than thofe mentioned were of different degrees of 
heat; I made the following experiments upon a healthy 
dog. 

exp. xx. The ball of the thermometer was intro¬ 
duced two inches within the re&um, the quickfilver rofe 
to ioo°| exactly. The cheft of the dog was opened, and 
■V, ' . a wound 
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a wound made into the right ventricle of the heart, and 
the ball immediately introduced; the quicidilver rofe to* 
101° exactly. A wound was next made fome way into- 
the fubftance of the liver; and the ball being introduced* 
the quicklilver rofe to ioo°|. It was next introduced 
into the cavity of the ftomach, where it flood exactly af 
10 t°. All thcfe. experiments were made in a few mi- ' 
nutes.. 

exp. xxi. The fame experiments were made upom 
oxen; the quicklilver rofe exa&ly to 99°-. " . 

exp. xxii. The fame were alfo made upon a rabbit, 
tod the quicklilver rofe to 99°^. 

From the experiments on mice, and thofe upon the 
dog, it plainly appears, that every part of an animal is 
not of the fame degree of heat; and hence we may rea- 
fonably infer,, that the heat of the vital parts of mam 
is. greater than what it is found to be either in the mouth,, 
the redtum, or the urethra.. 

To determine how far my idea,, that animals could , 
have their heat varied in proportion to their imperfec¬ 
tions, is juft, I made the following experiments upon 
fo-wls* which I conlider to be one remove below what are- 
commonly called quadrupeds. . 

exp. xxm..I introduced the ball of the thermometer: I 
fucceliively into the., intejlmum return, 

.... : ■ ■ ■ ■. , 1 jt&l 
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and found that the quicksilver rofe as high as 103 9 , 

, ,3o3°-“> and in one of them to 104°. 

exp. xxiv. I made the fame experiments on fcvcral 
,4X>cks, and the refult was the fame. 

exp. xxv. To determine if the heat of the ben was 
i increafed when. Ihe was prepared for incubation, I re- 
; peated 'the twenty-third experiment upon feveral fitting' 

. or clocking hensin one the quickfilver rofe to 104°; in 
the others, to 103-^, 103°, .as in the twenty-third expo- 
: riment. 

. exp. xxvi. Under the hen, who railed the quickf Ivor 
to 104 0 ,1 placed the ball of the thermometer, and found >* 
< the heat there as great as in the redtum. 

: exp. xxvii. I took, fome of the eggs from under the 
>'fame hepj where the chick was about three parts formed, - 
! broke a hole in the Ihell, 8cc. and introduced the ball of 
the. thermometer,-and found that the quickfilver rofe to 
; 99°~. In Tome that were addled, I found their heat not fo 
; high by two degrees; fo. that the life in the living egg 
aflifted in fome degree to fupport its own heat. 

ilt 'imbibe -alkedriwhether• thofe three or four 'degrees^ 

' of heaf, which are found in tire fowl more than in the qua- 
* draped, are for the purpofe of incubation ? We found that 
ithe heat of the eggs, which was canfed and fipported by 
.this heat, was not above the ftandard of the quadrupeds f * 
V':' ' ■ ; ' , ■ arid 
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and that it muft probably have been lefs, if the heat of 
the hen had not been fo great. 

Finding from the above experiments, that fowls were 
fome degrees warmer than that clafs commonly called 
quadrupeds (although certainly not fo perfect animals) 
I chofe to continue the experiments upon the fame prin¬ 
ciples, and made the following upon thofe of a iti.il in¬ 
ferior order. The next remove from the fowl are thofe 
commonly called amphibious. 

exp. xxviii. I look a healthy viper, arid introduced 
the thermometer into its ftomach and anus; the quick- 
filver rofe from 58° (the heat of the atmofphere in 
Which it was) to 68°; fo that in a common atmofphere 
it is io° warmer. 


exp. xxix. The Viper was put into a pan, and the pan 
into a cold mixture of about 1 o°; after being there about 
ten minutes, its heat was reduced to 37°. It was al¬ 
lowed to ftay ten minutes longer, the mixture being at 
13 0 , and its heat was reduced to 35°- It was allowed 


tQ%y ten minutes more,,fhe mixture at ao®, its heat.at 
3-1°, and it did not become lower; its- tail was beginning 
to freeze; and it was npw very weak. It may.be .re¬ 
marked,, th#t/it; became, cp)d mhfh - floyrer. than many of 


.the fpllowingianinials. 

¥©l. LXVIII. 
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The frog being, in its ftru&ure, more fimilar to the 
viper than to either fowl or fill), I made the following 
experiments on that animal. 


exp. xxx. I introduced the ball of the thermometer' 
into its ftomach, and the quickfilver ftood at I then 
put it into a cold mixture, and the quickfilver funk to 
31 0 ; the animal appeared ■ almoft dead, but recovered 
very foon: beyond this point it was not poffible to leiTen 
the heat, without deftroying the animal. But its decreafe 

of heat was quicker than in the viper, although the 
mixture was nearly the fame. 

The next order of animals were fifh. 
exp. xxxi. I afeertained the heat of water in a pond, 
where there were carp, and found it 6 $%. I then took 
a carp out of the fame water, and introduced the ther¬ 
mometer into the ftomach; the quickfilver rofo to 69%- 

fo that the difference between the water and the filh was 
only 3°f 


exp. xxxn. In an eel, the heat in the ftomach, which 
at firft was at 37 , funk, after it had been fome time 
in the cold mixture, to - The animal at that time 
appeared dead, but was alive the next day. 

. EXP * XXXIm In a feai 1, whofe heat was at 4.4* it i 

funk, after it had been nut inf-n fi • 44 J ' • 

> xau oeen put into the cold mixture, to *i% 

and then the animal froze. . > 

' 4 * 

EXP* 


4: 



of Animals and Vegetables, 27 

EXP. xxxiv. Several leaches having been put into a 
bottle, and that bottle immerfed in the cold mixture, the 
ball of the thermometer being placed in the middle of 
them, the quickfilver funk to 31 0 ; and by continuing 
the immerfion for a fufficient time to deftroy life, the 
quickfilver rofe to 3 a°, and then the leaches froze. In 
all thefe experiments none' of the animals returned to 
life when they became thawed. 

Finding that thefe imperfect clafles of animals are 
capable of varying their heat to that ftandard which can 
freeze the folids or fluids when dead, and not much far¬ 
ther before death enfues, 1 wifhed to determine to what 
degree of heat the animal could be brought. 

exp. xxxv. A healthy viper was put into an atmo¬ 
sphere of 10 8°, and allowed to flay feven minutes, when 
the heat of the animal in the ftomach and anus was 
found to be 92°-}, beyond which it would not rife in the 
above heat. The fame experiment was made upon frogs 
with nearly the fame fuccefs. 

exp. xxxvi. An eel very weak, its heat at 44 0 , which 
was nearly that of the atmofphere, was put into water at 
,63°, -for fifteen minutes; and, upon examination, it was 
of. the fame degree of heat with the water. 

exp. xxxvii. A tench, whofe heat was 41 0 , was 
put into water at 65°, and left ( th$re ; teir,.miiiute^Jdie 

' E W ball 
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ball of the thermometer being introduced both into the 
ftomach and redfum, the quickfilver rofe to 55°. Theie 
experiments were repeated with nearly the fame fuccefs. 

To determine whether life had any power of refilling 
heat and cold in thefe daffes of animals, I made compa¬ 
rative trials between living and dead ones. 

exp. xxxvin. I took a living and a dead tench, and a 
living and a dead eel,- and put them into warm water; 
they all received heat equally fait; and when they were 
put into the cold,, both the living and the dead received' 
it equally. \ - 

I long fufpedted, that the principle of life was not 
wholly confined to animals, or animal fubftance en¬ 
dowed with viiible organization and fpontaneous mo¬ 
tion ; but I conceived, that the fame principle eXifted in 
animal fubftances, devoid of apparent organization and 
motion,, where the power of prefervation limply was 
required. 

I was led to this notion ,twenty years ago, when I was 
making drawings of'the growth of the chick in the pro* 
cefs of incubation. 1 then obferved, that whenever an 
egg,was hatched, the yolk (which is not diminilhed in the 
time of mcubation) ; was always perfectly fwfeetr to the very 
faft; andlthit patt of.the albumen, which is'iiot. expended: 
on- the growth: 6f the animaVfome days befofe hatching,. 

: \‘.V * , ■■ was 



of Animals and Vegetables . 29 

was alfo perfectly fweet; although both were kept in a. 
heat of 10 3 0 , in the hen’s egg for three weeks, and in 
the duck’s for four; but I obferved, that if an egg was 
not hatched, that egg became putrid in nearly the fame 
time with any other dead animal matter. 

To determine how far eggs would hand other tefts of 
% living principle, 1 made the following experiments. 

exp. xxxix. I put an egg into cold at about o, and 
froze it, then allowed it to thaw; from this procefs I con¬ 
ceived, that the preferving powers of the egg muft be 
Toft. I then put this egg into the cold mixture, and with. 
it one newly laid; and the difference in freezing was 
feven minutes and a half, the frefli one taking fo much 
longer time in freezing. 

exp. xl. A new laid egg was put into a cold atmo¬ 
sphere, fluctuating between 17 0 and 15 0 ; it took above 
'half an hour to freeze ; but, when thawed and put into 
an atmofphere at 25 0 , it froze in half the time. This> 
experiment was repeated feveral times, with nearly the 
fame fuccefs. 

To determine the comparative heat between a living 
and a dead egg, and .alfo to determine whether a living 
egg be fubjeCt to the fame laws with the more imperfeCt 
animals,! madethefollovving experiments. 
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■exp. xtm A.frcih egg, and one which had been 
frozen and thawed, were put into the cold mixture at 
,t 5 <J 5 the thawed one foon came to 3 a 0 , and began to 
fwell anti congeal; the frefh one funk to 29°-, and in 
twenty-five minutes after the dead one, it role to 3 a 0 , 
and began to fweli and freeze. 

The refult of this experiment upon the frefh egg was 
fimilar to the above experiments upon the frog, eel, 
fuail, fee, where life allowed the heat to be diminifhed 
a° or 3 0 below the freezing point, and then refilled all 
further decreafe; but the powers of life were expended 
by this exertion, and then the parts froze like any other 
dead animal matter. 

From thefe experiments in general it muft appear, 
■that a frefh egg has the power of refilling heat, cold, 
and putrefadtion, equal to many of the more imperfedt 
animals; and it is more than pofiible, that this power 
arifes from the fame principle in both. 

From fome of thefe experiments it appears, that the 
more imperfedt animals are capable of having their heat 
and cold varied very confiderably, not according to-the 
extent of the heat or cold of the furrounding medium 
in which theycan live, but according to the degree of 
cold which is capable of altering the parts in a dead 
;i:ate, below which the living power will not go far; 

1 .' for 
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for whenever the furrounding cold brings them to that 
degree, the power of generating heat takes place till life 
is gone, then the animal freezes, and is immediately 
capable of admitting any degree of cold. 

From thefe circumftances of tliofe imperfect animals 
(upon which I made my experiments) varying their heat 
fo readily, we may conclude, that heat is not fo very 
effential to life in them as in the more perfect; although 
it be eilential to many of the operations, or what may 
be called the fecondary actions of life, fuch as digetting 
food w , and the propagation of their fpecies, which re¬ 
quires the greateft power an- animal can exert, more es¬ 
pecially the laft; and, as molt of the more perfect of 
thefe imperfedt animals are commonly employed in the 
firft, we may fuppofe their heat to be fuch as this adtion 
of life requires, although in them it be never effentially 
neceffary to be fo high as to produce propagation/''. 

Therefore 

(h) How far this idea holds good with fifh 1 am not certain. 

(c) How far the animal heat is lowered in the more perfect animals, when 
thefe fecondary adions are not neceffary, as in the bat, hedge-hog, bear, 

'I*have not been able'to.determine, not having opportunities of examining thefe 
animals in their involuntary ftate. Dormice are in a mixed Hate between the 
voluntary and involuntary, and we find the heat diminifhed when the aflions 
are not vigorous; and from a general review of this whole fubjc£t it would 
-'appear, that' a certain degree of heat, 'in, the animal is neceffary for digefiion, 
and that neceffary heat will be according to the nature. of the animal A frog 
will digeft food, when, its heat is at 6o% but not whereat ;3S° or 40"; and it .U 

■ 1 ' 1,1 very 



Mr. hunter on the Beat, See. 

Therefore, whenever thefe imperfect animals are in a 
cold fo low as to weaken their powers, and difable them 
from performing the firft of thefe fecondary aclions, 
they become in lbme meafure involuntary, and remain 
. in a torpid date during the degree of cold which will 
always occur in foine part of the winter in fuch coun¬ 
tries as they-inhabit; and The food of fuch animals ill 
general not being produced in the cold feafon, affords 
. another, reafon for their torpidity. 

From'the circumftances of their heat being allowed to 
link to the freezing point, or fomewhat lower, and then 
becoming ftationary ; and of the animal not being able 
: to lupportdife in a much greater degree of cold for a con- 
:fiderable time, we fee a reafon why thofe animals always 
.endeavour To .procure fuch .places of abode in the win¬ 
der as feldom arrive at that point. Thus we have toads 
-burrowing, frogs living under large ftones, fnails pro- 
under the flielter of ftones and in holes, Mi hav- 

-very probable that, when the heat of the bear, hedge-hog, dormoufe, bat, 
&c. is reduced to 70°, 75 0 , or 8o°, they lofe their power of digeftion; ot 
-i«he#-ia»t.<he-:bodf, ia.foeh.'a’degree of cold, has no call upon the ftomach. 
That Sftitoals, in- a- certain degree of heat, muft always have food, is further 
tlluftrated by the of bees. The conftruaion of abee is very fimiiar to 

-'A-flyiand awalp can allow their heat to dirainifh as in the 
a bee cannot; therefore a bee is obligcd 
to Kofepitt^heat a« h%h aswhac we, may call its digeflhve heat^ hut notrits 
propagating; for Which ptttpofe they provide againft fuch cold as would deprivo 
■Ibemevea ©ftheirdigeiiive heat,-if they had not food to'prelerve it. 

' ' ■ - \ ; '■ . : ' ' ; ' ■ ' in# 
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ing recourfe to deep water, all which 


places arc 


ally above the freezing point in our hardelt 
iowever, our frofes are Ibsr. etimes fo Icvcrc as 


rroi Hi: 


many w hole habitations arc not very ice ore. 

When the troll is more intenfe and of longer 
in? than common, or in countries where the wind 
always fevere, there is generally ihow, and the 
freezes: the advantage anting from tliefe two ci 
it a ace s are great; the fnow ferving as a blanket 
earth, and the ice to the water (rJ . 


(e) Snow and ice are perhaps the worft conductors of heat of any fubftancc 
yet known* In the firft place, they never allow their own heat to rife above 
the freezing point, fo that no heat can pafs through ice or fnow when at 32°, 
by which means they become an abfclutc barrier to all heat that is at or above 
that degree; fo that the heat of the earth, or whatever lubflancc they cover, is 
retained: but they are condu&ors of heat, below 32 0 . Perhaps that power 
decrcafes in proportion as the heat dccrcafcs under that part. 

In the winter 1776 a. froft came on, the fur face of the ground was frozen; 
but a confiderablc fall of fnow alfo came on, and continued fcvcral weeks; the 
atmofphere at this time was often at 15 0 , but it was not allowed to nffufl: the 
furface of the earth confiderably, fo, that the fur face- of the ground thawed, 
and the earth retained the heat of 34°, in which beans and peas grow* 

The lame thing took place in water, in a pond where the water was frozen 
on the furface to a confiderablc thicknefs; a large quantity of fnow fell and 
covered the ice; the heat of the water was preferred and thawed the ice, and 
the fnow at its under furface was found mixed with the water, 

' The heat of the water under the fnow was at 33°, in which the fifh lived 
very well, , . 

It would be worthy of the attention of the philofopher, to inveftigatc the. 
caufe of tile heat of the earth, upon what principle it is preferred, &c« „ 
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As all the experiments I ever made upon the freezing 
of animals, with a view to fee if it were poiliblc to rc- 
ilore the actions of life when thawed, were made upon 
whole ones, and as I never faw life return by thaw¬ 
ing 1 ' 77 ; I wilhed to fee how far parts were Umilar to 
the whole in this refpeCt; efpecially as we have it af~ 
fer'ted, and with fome authority, that parts of a man 
may be frozen, and afterwards recover: for this pur- 
pole I made the following experiments upon, an animal 
of the fame order as ourfelves. 

In January 1777,1 mixed fait and ice till the cold was 
about o; on the fide of the veffel was a hole, through 
which I introduced the ear of a rabbit. To Carry off the 
heat as faft as poflible, it was held between two fiat 
pieces of iron that went farther into the mixture. That 
part of the ear projecting into the veffel became {tiff, 
and when cut did not bleed; and the part cut off by a 
pair of feiffars, flew from between the blades lifce a hard 
chip. 

The ear remained in the mixture nearly an hour: 

; when taken out it foon thawed, and began to bleed; it 
became very flaccid, fo as to double upon itfelf, having 
loft its natural elafiicity. When out of the mixture 
nearly an hour, it became warm, and this warmth in- 

(f) Vide Phil. Tranf. for the year' 1775, vol. LXV. part. II. p, 446. 

....-.'A ' ' . . -created 
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creafed to a conhderable degree; while the other ear 
continued in its ufhal cold, and alfo began to thicken. 
The day following the frozen ear was (till warm; and 
two days after it (till retained its heat and. thicknefs,. 
which continued for many days after.. 

About a week after this, the mixture being the (time as 
the former, I introduced both ears of the fame rabbit 
through the hole, and froze them both: the found one, 
however, froze firii, probably from its being confidera- 
bly colder at the beginning. When withdrawn, they 
foon thawed, and foon both became warm, and the frefli 
ear thickened as the other had done before. 

Feb. 23, 1777, I repeated thefe experiments. I froze 
the ear of a white rabbit till it became as hard as a board. 
It was longer in thawing than in the former experiment, 
and much longer before it became warm; however, in 
about two hours it became a little warm, and the day 
following it was very warm and thickened. 

In the fpring 1776 ,1 obferved that the cocks I had in 
the country had their combs fmooth with an even edge, 
and not fo broad as formerly, appearing as if near one 
half of them had been cut off. Having inquired into the 
caufe of this, my fervant told me, that it had been com¬ 
mon in that winter during the hard froft. He obferved, 
that they had become in part dead, and at laft dropped eff: 
vy.*. ■ . Fa ' ' . • alfo ? 
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allbj that the comb of another cock had dropped in lire! 7 
off, which I dul not fee, as by accident lie burnt bimfdf 
to death. I naturally imputed this died: to thole combs 
having been frozen in the time of the levere troll; and 
having, confequently, loft the life of that part by this 
operation. I endeavoured to try the folidity. of this rca- 
ibning -by experiment. 

I attempted to freeze the comb of a very large young 
cock (which was of a confiderable breadth) hut could 
only freeze the ferrated edges (which precedes were full 
half an inch long)the comb itfelf being very thick and 
warm refitted the cold. The frozen parts became white 
and bard; and, when I cut off a little bit, it did not bleed, 
nor dkl the animal fliew any figns of pain. I next intro¬ 
duced into the cold mixture one of his wattles, 
which was very broad and thin; it froze very readily: 
upon thawing both the comb and wattle, they became 
warm, but were of a purple colour, having loft that 
trahfparency which the other parts'of the comb and the 
other wattle had'. The wound in the comb now bled 
freely. 

Both comb and wattle recovered perfectly in about a 
month. The natural colour returned firft neareft to the 
found parts, increattrig gradually till the whole was fee- 
come perfectly found. w 

1 ' ' ' .'There- 
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There was a very material difference in the e3'e£t be¬ 
tween thole fowls,, the ierrated edges of whole combs 
I fufpedicd to have been frozen in the winter of 
1764, for they muff have dropped off. The only wav 
in which I can account for this difference is, that in thole 
fowls the parts were kept fo long frozen, that the unfro¬ 
zen or active parts had time to inflame, and had brought 
about a feparation of the frozen parts, treating them 
exactly as dead, fimilar to a mortified part; and that 
before they thawed, the feparation ..was fo far corn- 
pleated as to deprive them of farther fupport. 

As it is confidently afferted, that iifli are often frozen, 
and come to life again, and as 1 had never fuccecdcd in 
any of my experiments of this kind upon whole iifli; 1 
made fame partial experiments upon this clafs of ani¬ 
mals, being led to it by having found a material differ¬ 
ence in my experiments upon whole individuals and only 
parts of the more perfect order of animals. , 

I froze the tail of a tench (as high as the anus) which 
became as hard as a hoard; when it thawed, that part: 
was whiter than common; and when it moved, the 
whole tail moved as one piece, and the termination of the 
frozen part appeared like the joint on yyhich it moved. 

. , On the fame day 1 froze the tails of two gold fifh till 
■ they became as folid as a piece of woo^, Thej'were put 
; ' . : : ■ ■ V into* 
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into cold water to thaw : they appeared at firft, for fome 
days, to be very well; but that part of the tail which 
had been frozen had not the natural colour, and the fin 
of the tail became ragged. About three weeks after a furr 
came all over the frozen part; the tail became lighter, lb 
that the fiih was fufpended in the water perpendicularly, 
and they had almoft loft the power of motion; at lalt 
they died. The water in which they were kept was 
New River water, flhifted every day, and about ten gal¬ 
lons in quantity. 

I made fimilar experiments upon an order of animals 
ftill inferior, viz . common earth worms. 

I firft froze the whole of an earth worm as a ftan- 
dard; when thawed it was perfectly dead'.. 

I then froze the anterior half of another earth wormy 
but the whole died. 

I next froze the pofterior half of an earth worm; the 

anterior half lived, and feparated itfelf from the dead 
part. 

As I had formerly in making my experiments upon 
animals, relative to heat and cold, made fimilar ones- on 
vegetables, and had generally found a great fimilarity 
between them in thefe refpefe, I was led to purfue 
the fubje&upon the fame plan; but I was foil farther 
induced to continue my experiments upon vegetables, as. 

' lima*". 
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I imagined I law a material difference between them in 
their power of fupporting cold. 

From obfervations and the foregoing experiments it 
plainly appears, that the living principle will not allow 
the heat of fuch animals to fink much lower than, the 
freezing point, although the furrounding atmofphere be 
much colder, and that in fuch a ftate they cannot fup- 
port life long; but it may be obferved, that molt vege¬ 
tables of every country can fuftain the cold of their 
climate. In very cold regions, as in the more Northern 
parts of America, where the thermometer is often 50° 
below o, where peoples feet are known to freeze and 
their nofes to drop off if great care be not taken, yet the 
fpruce-fir, birch, juniper, &c. are not affedted. 

Yet that, vegetables can be affected by cold, daily expe¬ 
rience evinces; for the vegetables of every country are 
affedted if the feafon be more than ordinarily cold for 
that country, and fome more than others; for in the 
cold climates abovementioned, the life of the vegetable 
is often obliged to give way to the cold of the country: 
a tree fhall die by the cdld, then freeze and fplit into a 
great number of pieces, and in fo doing produce confi- 
derable noife, giving loud cracks which are often heard 
at a great diftance. 

In this country the fame thing fometimes happens to 
exotics from warmer climates: a remarkable infiance of 

' • . . ■' ■ ■ C . ' this- 
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this Mad happened this winter in his Majefty’s garden at 
Kew. The Et ica arborea or Tree-heath, a native of 


Spain, and Portugal, which had kept its health < x‘ writiy 
well aw":i id a gardea-wall for four or ,'ive year.*-, though 
covered with a mat, was Idiied hy the cnH, and then 
Ming frozen iplit into innumerable pieces 1 "hut the 
queftion is, is every tree dead that is frozen? 1 can only 
fay, that in all the experiments I ever made upon trees 
and flirubs, whether in the growing or active Hate, or in 


the paflive, that whole or part which was frozen, was 


d,cad when thawed. hy> . : 

The winter 177I afforded a very favourable op¬ 
portunity for making experiments relative to cold, 
which I carefully availed myfelf of. However, pre¬ 
vious' to that, winter, 1 had made many experiments 
upon vegetables refpedting their temperature compa¬ 
ratively with that of the atmofphere, and when they 
were in their difihrent ftates of activity: 1 there¬ 
fore examined them in different feafons, with a 

(g) This rouft be owing to the fap in the tree freezing, and occupying a 
larger, fpace when, frozen than in a fluid Hate, iimilar to water; and that there 
is a fofficient quantity of fap in a tree newly killed is proved by the vail quan¬ 
tity which flows out upon wounding a tree. But what appeared moft remarka¬ 
ble-to me was, that .in a walnut-tree, on which I made many of my experi¬ 
ments, I obferved that more fap iffued out in the winter than in the fummer. In 
the fummer, a hole being bored, fcarcely any came out; but in the winter it 
flowed out abundantly. 

>.i : ■ ■' , .■' . . ■ view 
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view to fee what power vegetables have. I fir all relate 
thefe experiments in the order in which they were made. 

They were begun in the fpring, the actions of life 
upon which growth depends being then upon the in— 
creafe; and they were continued till thofe addons were 
upon the decline, and alfo when all addons were at an 
end, but whilft the paffive powers of life ’were ftill re¬ 
tained. 

The firi.t were made on a walnut tree, nine feet high 
in the Item, and leven feet in circumference in the 
middle. 

A hole was bored into it on the North fide, five feet 
above the furface of the ground, eleven inches deep 
towards the centre of the tree, but obliquely upwards, 
to allow any lap, which might ooze through the wounded 
furface, to run out. 

I then fitted to this part a box about eight niches 
wide and five deep, and fattened it to the tree: the bot¬ 
tom of the box opened like a door with a hinge, I 
fluffed the box with wool, excepting the middle, oppo- 
fite to the hole in the tree: for this part 1 had a plug of 
wool to fluff in, which, when the door was flrat, inclofed 
the whole. The intention of this was to keep off as 
much as poflible all immediate external influence either 
of heat or cold. - 

Vol, LXVIII, G The 
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The lame thermometer with which 1 made my for¬ 
mer experiments, feveti indies and a half long, was funk 
into a long leather of- a peacock’s tail, with a Hit upon 
one fide to Ihow the degrees; by this means the ball of 
the thermometer could be introduced into the bottom of 
the hole. 

ext. i. March 29th, I began my experiments at fix in 
the morning, the atmol'ph'ere at 57°-}, the thermometer 
in the tree at 55 0 ; when it was withdrawn the quickiil- 
ver funk to 53°, but foon rofe to 57°^ /v - 

This experiment was repeated three times with the 
fame fuccefs. Here the tree was cooler than the atmo- 
fphere; when one fhonld rather have expected to have 
found it warmer, fince it could not be fuppofed to have 
as yet loft its former day’s heat. 

ext.. 11. April 4th, half paft five in the evening, the 
tree at 56°, the atmofphere at 62°; the tree therefore 
ftill cooler than the atmofphere. 

ext. 1 li. April 5th, wind in the North, a coktiih day, 
fix o’clock in the evening, the thermometer in the tree 
was at 55 0 , the atmofphere at 47 the tree warmer 
than the atmofphere. 

(h) The finking of the quickfilver upon being withdrawn I imputed to the 
evaporating of the moifture of the fluid upon the ball. 
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exp. iv. April 7th, a cold day, wind in the North, 
cloudy, at three o’clock in the afternoon, the thermome¬ 
ter in the tree was at 43% the atmosphere at 42° alio. 

exp. v. April 9th, a cold day, with ihov, hail, and 
wind, in the North-eall; at fix in the evening the ther¬ 
mometer in the tree at 45 0 ,. the atmofphere at 39°. 


Here the tree was warmer than the atmofphere, juft 
as might have been exported. If thefe experiments 
prove any thing, it is that there is no ftandard; and pro¬ 
bably thefe variations arofe from i'ome circumftance 
which had no immediate connection with the internal 
powers o'f the tree; but it may a.lib be fuppofed to have 
arifen from a power in the tree to produce or diminifh 
heat, as fome of them were in opposition to the atmo- 
fpliere. 

After having endeavoured to find out the comparative 
heat between vegetables and the atmofphere, when the 
vegetables were in action; I next made my experiments 
upon them when they were in the paffive life. 

As the difference was very little when in their moft 
aCtive ftate, I could expeCt but very little when the 
powers of the plant were at reft. 

From experiment upon the more imperfeCt claffes of 
animals it plainly appears, that although they do not 
refill the effects of extreme cold till they are brought 
to the freezing point, they then appear to have the 

G a /power 
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power of refilling it, and of not allowing their fold to be 

brought ranch lower. 

To fee how far vegetables arc limilar to thole animals 
in this refped, 1 made ieveral experiments: 1 however 
fufpcdecl them not to be limilar, becaule inch animals 
will die in a cold in which vegetables do live; 1 therefore 
luppofed that there is fome other principle. 

I did not coniine thefe experiments to the walnut 
tree, but made limilar ones on feveral trees of different 
kinds, as pines, yews, poplars, &c. to fee what was the 
difference in different kinds of trees. The difference 
proved not to be great, not above a degree or two: how¬ 
ever, this difference, although fmall, Ihews a principle in 
life, all other things being equal; for as the fame expe¬ 
riments were made on a dead tree, which flood with its 
roots in the ground, limilar to the living ones, they be¬ 
came more conclufive. 

In October I began the experiments upon the walnut 
tree, when its powers of adion were upon the decline, 
and when, it was going into its paflive life. 

exp. vi. Odober i8th, at half paft fix in the morn¬ 
ing, the atmofphere at 51°-, the thermometer in the 
tree was at 55°^; but, on withdrawing and expofing i 
for a few minutes in the common atmofphere, it fell 
to $o°£ . , • , 
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exp. vii. October 2 1 ft, feven o’clock in the morning, 
the atmofphere at 41 °, the tree at 47 °. 

exp. vm. October 21ft, in the evening at live o’clock, 
the atmofphere at 51°7, the tree at 57 0 , 

exp. ix. Odober 22c!, at feven in the morning, the 
atmofphere at 42% the tree at 48°. 

exp. x. Odober 22d, one o’clock after noon,, the at¬ 
mofphere at 51 0 , the tree at 53 0 . 

exp. xi. Odober 23d, in the evening of a wet day, 
the atmofphere at 46°, the tree at 48°. 

exp. xii. Odober 28, a dry day, the atmofphere at 
45 0 , the tree at 46°. 

exp. xiii. Odober 29th, a fine day, the atmofphere 
at 45 0 , the tree at 49 0 . 

exp. xiv.. November 2d, wind Eaft, the atmofphere at 
43°, the tree at 43 0 . 

exp. xv. November 5th, wet day, the atmofphere at 
43 0 , the tree at 45 0 . 

exp. xvi. Nov. 10th, atmofphere at 49% the tree 
atS5°* 

exp. xvii. November 18th, atmofphere at 42 0 , the 
tree at 44 0 . 

exp. xvni. November 20th, fine day, the atmofphere 
at 40°, the tree at 42 0 . 

. , . EXP.i. 
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exp. xix. December ad, the atmofphere at 54°, the 


tree at 54 0 . 

In all thefe 
different times 


experiments, ■which were made at very 
in the day, v/%. in the morning, at noon, 


and in the evening, the tree was in feme degree \\ armcr 
than the atmofphere, excepting in one, when their tem¬ 
peratures were equal. For the fake of brevity 1 have 
drawn up my other experiments (which were made on 
different trees) into four tables, as they were made at 
four different degrees of heat of the atmofphere, inclu¬ 
ding thofe made in the time of the very hard troll in the 
winter of 177-f. They were as follows. 



iff-. 



Atmofphere, 

Names, 

Height. 

Diameter. 

Heat. 


Ft, in, 

Ft, In, 

0 


| Carol, poplar, 

n, 

2 

2 9 ' 


1 Engl, poplar, 

4 

2 4 

29! 


! Orien. plane, 

3 

x 1 

4 

30 


Occid. plane, 

3.6 

2 

30 


Carol, plane, 

1 

'Ll 

30 


Birch, 

3.6 

2 ^ 

2 9 - 1 ' 

2 9 deg. < 

Scotch fir. 

3-6 

4 

28; 


Cedar libanon, 

2.2 

4 r 

2 si 


Arbutus, 

2.6 

‘ 3 t 

30 


Arbor vitae, 

2.8 

3 t 

29 


Diffid. Cyprus, 

3 

2 f 

3 ° 


Lacker varniffi, 

3.6 

, 2 

30 


^ Walnut tree. 

5 

2.4 

31 


The 
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The old hole in the walnut tree being full of fap was 
frozen up, but a frefh one was made. 


Atmofpliere® 

Name So. 

2d, 

■Height. 

Diameter. 

Heat® 

Spruce fir, 

Ft. in. 

4 

In. 

' 

0 

32 


Scotch fir, 

i *St 

Iv 

28 


Silver fir, 

3 *i 1 

2'- 

30 


Weymouth fir, 

4.6 

2-i 

30 

27 deg. < 

Yew, 

3*7 

3 

30 


Holly, 

2.6 

0 , 

30 


Plumb tree, 

4 ** b 

3 

3 1 ! 


1 Dead cedar, 

3 *ii 

3 

29. 


[Ground under fnow, 3 deep — 34, 


Atmofpliere. 


24 deg. i 


3 d. 


Names. 

Heat. 

Spruce fir. 

2 3 0 

Scotch fir, 

, a 3 

Silver fir, 

23 

■f Weymouth fir, 

23 

Yew, 

22 

Holly, 

2 3 

Dead cedar, 

24 


The fame trees we mentioned when the thermometer 
was at 2 9 0 , in new holes made at the fame height,, and 1 
left fome time pegged up till the heat produced by the 
gimlet was gone off; but in which, as they were moift 

. -t,: -r • ' ' ' frOIHi 
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from the lap, the heat coukl be very little, efpedally as 

the gimlet was not in the leaft heated by the operation. 

4th. 

'Car. poplar, 17" 

Eng. poplar, 17 
Ori. plane, 17 
Gcc. plane, 17 
Carol, plane, 17 
Birch, 17 

[ Scotch fir, 16~ 

It will be neceffary to obferve, that the fap of the 
walnut tree, which flowed out in great quantity, froze 
at 3 1°. I did not try to freeze the lap of the others. 

Now, lince the fap of a tree, when taken out, freezes 
at 3 2 0 ; alfo, lince the fap of the tree, when taken out 
of its proper canals, freezes when the heat of the tree is 
at 31 0 ; and lince the heat of the tree can be fo low as 
17 0 without freezing; by what power are the juices of 
the tree, when in their proper canals, kept fluid in fuck 
a cold? Is it the principle of vegetation? Or is the lap in- 
clofed in fuch a way as that the procefs of freezing can¬ 
not take place, which we find to be the cafe when water 
is confined in globular veffels? If fo, its confinement 
mull be very different from the confinement of the 
moifture in dead vegetables; but the circumftance of 

■ vege- 


16 deg. 
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■vegetables dying with the cold, and then freezing, ap¬ 
pears to anfwer the laft queftion. Thefe, however, are 
queftions which at prefent I ill all not endeavour to folve. 

I have made feveral experiments upon the feeds of 
vegetables iimilar to thofe 011* the eggs of animals; but, 
as inferting them would draw out this paper to too great 
£ length, I will referve them for another. 
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HI. <fbc Force of fired Gun-pomier, and the whirl Fchcitm 
of Camion Balls, determined by'Expcr. t tails ; from which 


is alfo deduced the Relation of the initial F loe:R to the 
Weight of the Shot and the Quantity of Powder. Py Mr,. 
Charles Hutton, of the Mhk'dry Academy at Woolwich, 


Communicated by Samuel Horfley, LL.D. Sec, R. S,» 


Read Jan. 8, rp HESE experiments I made at Wool- 
J. j n the lummer of the year 1 7 7 5, 

affifted by feveral able officers of the royal artillery at 
that place, and other ingenious gentlemen. The object 
of them was the determination of the actual velocities 
with which balls are impelled from given pieces of can¬ 
non, when fired with given charges of powder. Thefe 
experiments were made according to the method in¬ 
vented by Mr, Tobins, and deferibed in his treadle, in- 
titled, New Principles of Gunnery, of which an account 
was printed in the Philofophical Tranfadtions for the 
year 1743. Before the difeoveries of that ingenious 
gentleman very little progrefs had been made in the 
true theory of military projecTles. His book, how¬ 
ever, contained fuch important difeoveries, that it was 

' i : - , f00n 



Mr. hutton on the initial Velocities , Sic. 51 
foon traaflated into feveral of the languages 011 the con¬ 
tinent, and the famous Mr. l. euler honoured it wit]), 
a very extenfive commentary in his tranflation of it into 
the German language. That part of it hath always been 
particularly admired which relates to the experimental 
method of afcertaining the actual velocities of ihot, and 
in imitation of which were made the experiments re¬ 
lated in this paper. Experiments in the manner of Mr. 
Tobins were generally repeated by his commentators 
and others, with univerfal fadsfaction, the method being 
•fo juft in theory, fo Ample in practice, and altogether fo 
ingenious, that it immediately gave the fulleft convic¬ 
tion of its excellence, and of the abilities of its author. 
The ufe which that gentleman made of this invention 
was, to obtain the actual velocities of bullets experi¬ 
mentally, in order to compare them with thofe which he 
computed a priori from his new theory, and thereby to 
verify the principles on which it is founded. The fuc- 
cefs was fully anfwerable to his expectations, and left no 
doubt of the truth of his theory, when applied to fuch 
pieces and bullets as he had ufed: but thefe were very 
fmall, being only mufket halls of about one ounce 
weight; for, on account of the great fize of the ma~ 
chinery neceffary for. fuch experiments, Mr. robins and 
other ingenious gentlemen had not ventured to extend 
■ : "H a ’T ■' c.utheir: 
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their practice beyond bullets of that kind, and fatisfiec! 
themfeives with earnestly wifhing for experiments to be 
made in a fimilar manner with balls of a larger fait. By 
the experiments in this paper 1 have endeavoured, in 
fome degree, to fupply this defeCt, having made them with 
fmall cannon balls of above twenty times the fize,.or from 
one pound to near three pounds weight. Thefe are the: 
only experiments that I know of which have been made' 
with cannon balls for this purpofe,, although the conclu- 
lions to be deduced from: fuch are of the greateft impor¬ 
tance to thofe parts of natural philofophy which arc de¬ 
pendent on the effects of fired gunpowder; nor do I 
know of any other practical method of afeertaining the 
initial velocities of military projectiles within any tole¬ 
rable degree of the truth. The knowledge of this velo¬ 
city is ot the utmoft confequence in gunnery: by mcam 
of it,, together with the law of the refiftance of the me¬ 
dium, every thing is determinable relative to that bufi- 
nefs ; for, befides its being an excellent method of trying 
the ftrength of different- forts of powder, , it gives us the 
law relative to the different quantities of powder, to the 
different weights of Ihot, and to the different lengths and. 
fees of guns-. Befides thefe, there does not feem to be 
any thing wanting to determine any inquiry that- can: 
be made concerning the flight and ranges of Ihot, except 
the effects arifing from the refinance of the medium. ; 

Of 1 
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Of the nature of the experimentand of the machinery' 

ufed in it. 

The intention of the experiment is to difeover the: 
a£tual velocity with which a ball iffues from a piece, in 
the ufual practice of artillery. This velocity is very 
great; from one thoufand to two thoufancl feet in a ic~ 
Gond of time. For conveniently eftimating fo great a 
velocity,, the firft thing neceffary is to reduce it, in fome 
known proportion, to a fmall one. This we may con¬ 
ceive to be effected, thusfuppofe the ball, with a great 
velocity, to ftrike fome very heavy body,, as a large 
block of woody from which it will not rebound,, fo that 
they may proceed, forward together after the ftroke. By 
this means it is obvious, that the original velocity of 
the ball may be reduced in any proportion,. or to any 
flow velocity which may conveniently be meafured, by- 
making the body ftrack to be fufficiently largefor it is 
well known, that the. common velocity,, with, which the 
ball and block of wood would move forward after 
the ftroke, bears to the original velocity of the ball only, 
the fame ratio which the weight of the ball hath to. 
that of the-ball and block together. Thus then veloci¬ 
ties of one thoufand.feet in a fecond are eafily reduced to: 

tliof&r 
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thofc of two or three teet only; w Inch imall velocity 
being meafured by any convenient means, let tine mint* 
her denoting it be mercafed in the proportion of the 
weight of the ball t> the weight of the ball and block 
together, and the original velocity of the ball ill'df will 
thereby be obtained. In thefe experiments, this reduced 
velocity is rendered very eafy to be meafured by a very 
iimplc and curious contrivance, which is this: the block 
of wood, which is {truck by the ball, is not left at li¬ 
berty to move ffcraight forward in the direction of the 
motion of the ball, but it is lid pended, as the weight or 
bob of a pendulum, by a itrong iron Hem, having- a 
horizontal axis at top, on the ends of which it vibrates 
freely when '{truck by the ball. The confequence of 
this limple contrivance is evident: This large balliitic 
pendulum, after being {truck by the ball, will be pene¬ 
trated by it to a fmall depth, and it will then {wing round 
its axis and deferibe an arch, which will be greater or 
lefs according to the force of the blow Itruck; and from 
the fxze of the arch deferibed by the vibrating pendu¬ 
lum, the velocity of any point of the pendulum itfelf 
■can be eafily computed; for a body acquires.the fame 
velocity by falling from the fame height, whether it de- 
feend perpendicularly down, or otherwife; therefore, the 
length of the arch deferibed, and of its radius, being 
S' given, 
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given, its verfed line becomes known, which is the 
height perpendicularly defeended by- the corresponding 
point of the pendulum. The height defeended being 
thus known, the velocity acquired in falling through 
that height becomes known from the common rules for 
the defeent of bodies by the force of gravity; and this is 
the velocity of that point of the pendulum: this velocity 
of any known point whatever is then to be reduced to 
the velocity at the center of ofcillation, by the propor¬ 
tion of their radii or diftances from the axis of motion; 
and the velocity of this center, thus obtained, is to be 
efteemed the velocity of the whole pendulum itfelf; 
which being now given, that of the hall before the ftroke 
becomes known from the- given weights of the ball and* 
pendulum. Thus then, the menfuration of the very 
great velocity of the hall is reduced to the obfervation of 
the magnitude of the arch deicribed by the pendulum,, 
hi confequence of the blow {truck. This arch, may be 
meafured after various ways: in the following experi¬ 
ments it was afeertained by meafuring the length of its 
chord by means of a piece of tape or finall ribband, the. 
©ne end of which, was fattened to the bottom of the pen¬ 
dulum, and the reft of it made to llicle through a fmall. 
machine contrived for the purpofe, which'wall be herer 
after deferibed; for thus the length of the tape drawn: 

■ ' OUt,, 
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out, was equal to tlae length of the chord of the arch de« 

fcribed by the bottom of the pendulum. 

This defcriptkm may convey a general idea of the 
nature and principle of the experiment; but befules the 
•center of ofcillation and the weights of the ball ami pen¬ 
dulum, the effect of the blow depends alfo on the place 
of the center of gravity and the point of impact; it will, 
-therefore, be now neceffary to give a more particular tie* 
feription of the machine, and of the methods of finding 
•the abovementioned requifites, and then mveftigate our 
■general rale for determining the velocity of the ball, in 
all cafes, from them and the chord of the arch of vi* 

- bratiom 

X)f the particular defeription of the machine , and of tk 
■determination of the centers ojgravity and ofcillation. 

Tab. i. Fig. i. is a reprefentationof the machine ufed 
in the firft three courfes of experiments; and fig. a, of that 
which was ufed in the ether two. I lliall here deferibe 
the former of thefe, and afterwards take notice of the 
few particulars in which the other differs from it when I? 
come to treat of the ufe of the latter. 

The firft pendulum confifted of a block of found and ; 
dry elm, being nearly a cube of twenty inches long*; 
• which 
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which was fallened to a ftrong iron ilern on the back 
part of it by fcrew-bolts, having a thick iron axis at the 
top, whole ends were turned truly cylindrical, to roll 


pretty freely in fockcts made to receive them; the whole 
being mpported by a four-legged hand of very ivrong 
timber, which was firmly fixed in the ground, a is the 
face of the cube into which the balls were fired: 1 


by 


means of the blow it is made to fwing round the axis 
bc, and the chord of the arch thereby deferibed is mea- 
fured by the tape def fattened to the bottom of the wood 
at d, and Hiding with fame flight fridlion through a 
little machine of brafs, fixed at e for that purpofe, the 
tape being marked with inches and tenths, for the more 
eafily meafuring of the chord or part of it drawn through 
by the pendulum. The whole length of this pendulum, 
from the middle of the axis to the ribband at d, was 
102-1 inches. The weight and the other dimenfions were 
taken each day when the experiments were made, and 
then regiftered; and the manner of difeovering the 
places of the centers of gravity and ofcillation was as 
follows: 

To find the center of ofcillation, the pendulum was 
hung up, and made to vibrate in fmall arcs, and the time 
of making two or three hundred vibrations was obferved 
by a haliVfecond pendulum. Having thus obtained the 
yoL. LXVIIL X time 
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time anfwering to a certain number of vibrations, the 


•illation is cai'y: for i- u ~ 


finding of the center or _ . 

note the number of vibrations made m »!««» !l > 

is well known, thstta* w:w t s S9-* s V" " ,hL 
tance in inches from the a-js of motion to the c cm r ■’! 
cremation; and by this rule the place of that center » a, 

found for each day. 

The center of gravity was ah cvtaivsed >y «nc 01 H) L 
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];.i ’ought to a horizontal pofition. Then, taking alio die 
whole weight of the pendulum, and its length from the 
axis to the bottom where the chord was fixed, the place 
of the center of gravity is found by this projxntion, as 
/> the weight of the pendulum : w the appended weight 

:: d the whole length from the axis to the bottom : 


dViJ 

7 " 


the difiance from the axis to the center of gravity. 
Either of thei'e two methods gave the place of the center 
of gravity iuflidcntly exact; but the coincidence of the 
refillts of both of them was Hill more fatisfadtory. 


Of the rule for computing the Velocity of the hall 

Having deferibed the methods of obtaining the necef- 
fary dimonlions, I proceed now to the invettigation of the 
theorem by which the velocity of the ball is to be com; 
puted. The feveral weights and meafures being found 
let then 

h denote the weight of the ball, 
p the whole weight of the pendulum, 
g the diffcance of the center of gravity below the axis 
Jj the distance to the center of ofcillation, 

■ 3 t the diftanee to the point ftruck by the ball, 

Z the velocity of this point Hrueh blow)^J 

I %' 7 " v 
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v the original yelocity of the ball, 
c the chord of the arch mcafured by the tape, and 
r its radius, or the dillance from the axis to the bot¬ 
tom of the pendulum. 

Then the effort of the blow ftruck by the ball is as 
or, as kk :gh : : yy = the weight of a body, whit h, 

being placed at the point ftruck, would acquire the 
fame velocity from the blow as the pendulum docs 
at the fame point. Here then are two bodies, b and 

the former of which, with the velocity u, ftrikes the 
latter at reft, fo that after the blow they both proceed 
uniformly forward together with the velocity x j .; in 

if h 

w T hich cafe it is well known, that b : b + yj :: z : v ; and 

therefore the velocity z is = • But becaufe of the 

accellion of the ball to the pendulum, the place of the 
center of ofcillation will be changed; and from the 

known property of that point we find = to its dif* 

tance from the axis. Gall this diftance of the center of 
ofcillation, of the mafs compounded of the bad and 
pendulum, h. Then, fmee ss is the velocity of the 
point whofe diftance is k, we have this proportion, as 

k : h :: z : j- - ■- the velocity of this compound 

center of ofcillation. ' . : 

^ . „ . , ' jAgain t 
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Again, fince — is the verfed fine of the defcribed arc c, 
its radius being r: therefore as r : n :: — : --- x ~ 

° ’ 2)- arr bk-Ygp 

the verfed fine to the radius n, or the verfed fine of the arc 
delcribed by the center of ofdllation, 'which call v; then is 
V the perpendicular height defeended by this center, and 
the velocity it acquires by the defeent through this fpace 

is thus calily found, viz. as v 7 i6~ ; : v 7 v :: aa- 1 -: —~ x 

\=^ 1C velocity of the center of ofcillation deduced 
from the chord of the arc which is actually deferibed. 

Having thus obtained two different expreffions for the 
velocity of this center, independent of each other, let an 
equation be made of them, and it will exprels the rela¬ 
tion of the feveral quantities in the quellion; thus then 

we liave WTTp = twm wlnch we obtain <u = 

+ £/> x bkk + gbp the true exprefiion for the ori¬ 
ginal velocity of the ball the moment before it ftruck 
the pendulum. 

corollary. But this theorem may be reduced to a 
form much more Ample and fit for ufe, and yet be fufii- 
ciently near the truth. Thus, let the root of the com- 

pound fadtor V bk +gp x bkk +gbp be extracted, and it will 

be equal to Vbxpg+bk* -j- witWhthe loooooth part 
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of tiic truth in fucli cafes as gimerab y lumpen. But liurr 
is ufually but about the 30e.fi or gooth part of 

pg y and that bk difers irom &kx yy but by aoou' the 
Both or lootli part ot itfoU, tncrciore fy v- within, 
about the 20000th or 30000th part of />; •' fix * 

Confcquently v is - 8.02 c\/'J) x very nearly. (>r, 
farther, if ^ be written for k in the lad term Zd, then 
finally uis = 8.0 or v-~ 5.67 cry vnv.x y- » 
which is an eafy theorem to be tiled on all occaJiotr; 
and being within about the 3000th. part of the truth, it 
is fufficiently exatSk for all practical purpofes whatever. 
Where it mull be ohferved, that c,g, k, r, may Ik- taken 
in any meafures, either feet or indies, See. provided they 
be but all of the fame kind; but h mult be in feet, 
becaufe the theorem is adapted to feet, 

scholium. As the halls remain in the pendulum 
during the time of making one whole lit of experi¬ 
ments, by the addition of their weight to it, both its 
weight and the centers of gravity and ofdllatioa will be 
changed by the addition of each ball which is lodged in 
the: wood, and therefore g t and ^ be c;orre<%cl 
after every fhot in the theorem for determining the ve¬ 
locity, y. Now the fucefeeding value ■; of p is always. p 

W ' ■ ■ . . OT 
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or /> moil be corrected by the continual addition of b 


and g i; 
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b to the value of />. 

J\ a***., ff> ^ . 

—- x b to the value of g } 

k -~ x b to the value of h, 

P 

Before we proceed to the experiments it may not be 
improper to take notice of three feeming caufes of error, 
which have not been brought to account in our theorem 
for determining the velocity of the fhot; and to examine 
here whether their effects can fenlibly afleft the conclu- 
lion. Thefe are the penetration of the ball into the, 
wood of the, pendulum, the refinance of the air to the 
back of it, and the friction on the axis : by each of thefe 
three caufes the motion of the pendulum leems to be 
retarded. The principle on which our rule is founded 
fuppofes tbe raomentumofthehall to be'dammunicatedt 
to the pendulum in an inffcant; but this is not accurately 
%, ' ■ : the 

'b, 4 ' ■’*/ f . ■ wMr"** ... • , _ t ; 1 
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the cafe, becaufe that this fo^e is communicated duri 
the fmall time in which the ball makes ihc j one' rati >n ; 
but as this is generally effected before the pendulum has 
moved one-tenth of an inch out of its w.iU J noli; n <•), 
.and ufually amounts to feared v mure than t -c nv ih 


part of a fecond, its diced will be quite impctvi p.iido, .nal 
therefore it may lately be neglected in thclv tcpoii- 
■ ments. As to the fecond retarding force, or the rciiilance 
of the air to the back of the pendulum, it is maniieft 
that it will be quite infenlible, when it is umlidoivd that 
iits velocity is not more than three feet in a fecond, that 
its furface is but about twenty inches fquare, and that its 
weight is four or live hundred pounds. Neither ran the 
effect of the laft caufe, or the fridion on the axis, ever 
amount to a quantity conhderablc enough to be brought 
into account in thefe experiments: for, befules that care 
was taken to render this fridion as fmall as poiltlde, the 
efted of the little part which does remain is nearly ba¬ 
lanced by the effed it has on the difiance of the tenter of 
ofcillation; for as this center was determined from the 
adual vibrations of the pendulum, the fridion on the axis 
would a little retard its motion, and caufe its vibrations to 
be flower, and the confequent diftance of this center to 
be greater; fo that the other parts of our theorem being 
multiplied by or the root of this dillance, which is 

m 
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as the time of a vibration, it is evident that the friction 
in the one cafe operates againft that in the other; and 
that the difference of the two is the real efficacious caufe 
of refiftance, and which therefore is either equal to no¬ 
thing, or very nearly fo. 

Thefe general caufes of error in the principles of the 
experiments are therefore fafely omitted in the theorem: 
and our only care muff be to guard againft accidental 
errors in the a&ual execution of the bufinefs. 

Of the experiments. 

The gun, with which the experiments were made, 
was of brafs; the diameter of the bore or cylinder at the 
muzzle was 2~ 4 y,or 2.16 inches; but its diameter next the 
breech was a fmall matter lei's, being there only a—-, or 
2.08 inches; fo that the greateft caft-iron ball it would 
admit wasjuft 19^ ounces avoirdupois,or pound want¬ 
ing half an ounce; but fometimes leaden balls were ufed, 
which weighed above i| pound, and fometimes long or 
cylindrical fhot which weighed near three pounds; the 
length of the bore was 42,1, or 42.6 inches, fo that it 
was nearly 2 o~ calibers long. 

The powder ufed was of the fort which is commonly 
made for government ; the quantify was two, four, or 

VOL. LXVIII. K , eight 
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eight ounces to a charge, which was alunv , p uf j nto ,, 
light flannel bag, and rammed more or i< [\ , f\j> u liU! 
in each day’s experiments, but without ever uh; h . ,, n .. 
wad before it. 


The diitancc of the gun front tin* puidufum uax « t) 
or 30 feet; which diftancc was found by firing the p j tH r 
with eight ounces of powder without a ball, at difident 
di-ftances, till the force of the elartie thud was found not 

to move the pendulum. 


The penetrations of the balls into the wood were at™ 
tempted to be taken, but were Unm negluded utt ;u count 
Ot their uncertainty, bW« of In lulls Arikh,,, i„ 
or near the fame part of the wood. Tin., depth „f i’l,e 
penetration teemed to I* mar. about three inches in f„| M 
wood when two ounces of powder was ulcd. 

The iirft courtc of experiments was on the , ,,h of 

\ T 1775 ’ “ Wn « :l dor > d, 7 day. The w< ami 
meal ores then taken were thus, 

P = 3*8 pounds, the weight of the pendulum 

^rOndteMhedilfanecofthoeetnernfgkvity, 

~ 0 H * n ** “““ - “« ..of 

Of forty vthr.H. . ttelmmcd from th <-‘ number 
forty ytbrauons hemg m3 dc in a rninutc . „ 


6 . - 41 
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40" : 6o : ‘: : 4 : g :: 39.2 : 88. The number of fliofrwas 
eight, and the drcumftances and refults as exhibited in 
the following table. 



By computing the velocities from our theorem invef* 
tigated in the corollary, they come out as they are here 
rcgifteretl in the laffc column of the table, -and'they are 
all pretty regular excepting the firft one, which is about 
one-fourth part lels than the reft with the lame weight 
of powder, and which irregularity .muft have been, 
caufed by feme unperceived accident. , The yalues, offt 
and g were each corre6ted by their refpedive theorems; 
fcl&Jthe yajjue,^ h yj&Sg#- the 






68 . Mr. hutton on the initial 

out, becaufe that its correction was fo fma.ll as not to 
make a difference of above a foot or two at moil: in the 
velocity: and for the fame rcafon this correction it 
negleCted, as quite unneceffary, in the red: of the experi¬ 
ments of the other days following. 

The mean velocity of the fecond, third, fourth, fifth, 
and fixth numbers is 6 a6, and of the feventh and eighth 
it is 915; that is, the velocity with two ounces of pow¬ 
der was 626 feet per fecond, and that with four ounces 
was 915 feet; and thefe two velocities arc in the ratio of 
1 to 1.46. But the mean weight of the balls in the 
former cafe was 17} ounces, and in the latter it was 17 *■ 
ounces; and the ratio of the quantities of powder was 
that-of 1 to a. But the direCt fub-duplicate ratio of the 
powder, compounded with the inverfe fub-duplicate 
ratio of the weights of the fhot, forms the ratio of 1 to 
1.42, which is nearly equal to the ratio (1 to 1,46) of 
the velocities; that is, in this in dance the velocities arc 
very nearly as the fquare roots of the quantities of pow¬ 
der dire&ly, and the fquare roots of the weights of the 
balls inverfely. The powder was forced up with only 
one ftroke of the rammer. 

Tho fecond courfe was performed on the 3d of June, 
1 7 7 5 > which was a clear, dry day, but windy. Some of 

-w ■ ■' the 
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the experiments of this day are doubtful, as indeed is 
evident from their irregularity, on account of the wind 
blowing the tape, which was not very properly fccured 
by the little brazen machine through which it was made 
to Aide. 

The powder was taken from the bottom of a barrel, 
and the charges rammed a little clofer than thofe of the 
former day; and fo tight did the fliots fit towards the 
breech, that many ftrokes of the rammer were neceffary 
to drive them home. 

The fourth and fifth fliots were of a long form, which 
may be called fpherico-cylinclrical, as they were cylinders 
terminated by hemifpherical ends, fo that their fedtion 
through the axis was of this form a, and the length of 
the axis was near double the diameter of the fliot. 

The fourth fliot, or firft of the long fort, ftruck Tide¬ 
ways, making a hole of the fliape of the above fedtion, 
only its length or axis was not horizontal but vertical, 
thus 0. 

The laft fhot lay obliquely in the wood; it appeared 
to have ftruck with its end foremoft, or nearly fo, as the 
oblique pofition in which it lay feemed to be caufed by 
its ftriking againft a former fliot lodged in the wood, 
with the hance of its end, fo as to flatten it in that part. 
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Of the pendulum, the weight, length, end centers of 
gravity and of oieilkition were the dime as when taken 
the former day before the experiments were mode; the 
former balls having been e\ traded, and the boles tilled 
up with wood. 
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Here the ftrft fliot is again fo much fmaller than the 
two following ones, that fome irregularity mull have 
attended it, on which account we cannot make any ufe 
o ( f;it*. The mean between the fecond and third is < )7 % • 
and between the fourth and fifth the mean is 749; that 
1% velocity of the 19* ounce ball is 973, and that of 
the 46 f ounce fhpt 749 feat per fecond, which two mini- 
b^s,;are..in : diie^atinof i.3 to .1. Blit thexecipmcal fab-.' 
explicate rztiQ Of the weights (19I and 4$}) i s the ratio 
ot 444*0 x: therefore, 1 in this infianofe, the velflc4t¥'df 
the heavier fliot is a little lefs than would arife Atom the 

. ow;:;y ; . : ; V / inverfe.. 
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inverfe ratio of the fquare roots of the weights of the 
fhot. But the accurate ratio cannot certainly be drawn 
from thcfe numbers, on account of the doubtfulnefs of 
fome of them, as was before obferved. 

It is very remarkable, that in the experiments of this 
day, the mean velocity with two ounces of powder is 
973, whereas it was no more than 626 in the former 
day with the fame quantity of powder, notwithftanding 
the balls were heavier with the greater velocity in the 
proportion of 19 to 17 nearly. This remarkable dif¬ 
ference rnuft be chiefly owing to the windage in the firft 
eourfe: and from hence we may perceive the great ad¬ 
vantage to be gained by the ufe of balls approaching in 
proportion nearer to the diameter of the bore of the gun 
than what is preferibed in the prefent eftablifhment. 
Poffibly, however, fome part of this difference might be 
owing to fome fmall inequality in the powder, as that 
which was ufed this day was taken from the bottom of 
a barrel. Perhaps alfo fome part of the effect may be 
owing to tire greater degree of ramming which the pow¬ 
der had in this eourfe* 

The third eourfe was made on the 12th of June, 
iff it being a clear, elfy* and calm day. The powder 
in the experiments of this day was rammed In the fame> 

, ' ■ . , : " 1 * degree 
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degree as in the laft one. It was alfo nearly the fame in 
the fucceeding days, as may be perceived by infpechng 
the fourth column of each courfe, which, denoting the 
height of the charge, thews the degree of eompadtiufs 
with which the powder w r as lodged in the piece. The 
dimenfions, as taken this day, were thus; 

p - 324 pounds, the weight of the pendulum, 
g - 7 1.4 inches, the diftance of the center of gravity. 
h - 88 inches = 7} feet, the diftance of the center of 
ofcillation. 

r - 10 2-'- inches, the whole length to the tape. 


u 
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2.85 
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324.0 

71.4 

23.0 
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2 
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2.85 
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1*141 

335.3 
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a 4>5 

799 

3 
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2.045 

2.85 

93I 

x8i 

1.156 

326,4 

71.6 

22.0 

7*5 

4 
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2.062 

4* 

92^ 

19 
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337-5 

71.7 

* 7-3 

880 

5 

4 

2.036 

4. 

931 

i8| 

1.141 

328.7 

71.7 j 

35*0 

1163 

6 

4 

• ^*045 
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931 


t.156 

339-9 

71.8 1 

33 *o 
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1# 


Here the common mean weight of the ball is 18f 
ounces, the mean velocity with two ounces of powder is 
738, and that with four ounces of powder is 1043 feet 
per fecond. The ratio of thefe two velocities is that of 
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I to 1.414; that is, accurately the ratio of the fquarc 
roots of the quantities of powder. 


Of the experiments made with the other pendulum , which 
is reprefented in Jig. a. 


The firft pendulum was gradually more and more 
rent and fliattered by the firing of fo many balls into it, 
till at the end of the laft courfe of experiments it had 
become quite ufelefs. Another was then fitted up, and 
with it were performed the two following courfes. 

This fecond pendulum confided Of a cubical block 
of found elm, of near two feet long, fixed to the iron 
ftem, but not exactly in the manner of the former; for 
in this the ftem was placed vertically over the center of 
the top-end, to which point it continued whole, but 
there divided in two, each palling to right and left over 
the top down the fides, and returning along the bottom, 
and being at proper intervals fattened to the wood with 
iron pins. A thick Iheet of lead was fattened over each 


of the two upright faces into which the fhot were to be 
fired, both to guard them from fplintering very much, 
and to add; to the weight of the pendulum. 3?lie whole 
#as then firmly fecured by two very thick iron bands, or 
hoops, ; paffed the wood, and 

l IVOh. LXVIIL firmly 
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firmly fixed to it, the one next the upper end, and the 
other near the lower, fo as ftrongly to refift the endea¬ 
vours of the (hot to fplit the wood. 

The whole weight of the pendulum, thus fitted up, 
was 552 pounds; its whole length, from the middle of 
the axis to the tape at the bottom, was 101 inches; the 
diftance to the center of gravity was 78 inches; and the 
diftance to the center of ofcillution was 88 inches equal 
to 7» feet, which was exactly the fame as that of the 
former pendulum, their numbers of vibrations being 
alike in the fame time. 

Inftead of fufpending this pendulum, after the man¬ 
ner of the former, by the ends of its axis in grooves 
turned to fit them, they were only placed on flat, level 
pieces of wood, on which this pendulum vibrated much 
freer than the other did; but a fmall nail was driven 
into the fupporting wood, juft behind each end of the 
axis, to prevent the ftroke of the fhot from throwing it 

©IX tJlv 

To this pendulum was adapted a better machine for 
the tape to flide through than the former one was, the 
. inconvenience of which had often been experienced by 
Tfcsd&fclling and entangling, the tape, fo as to interrupt its 
free motion, and once indeed to break it. This new one, 
howevcr, is atonce very fimple, and perfe<Stly jfccc fmm 
y, "... ■ .... . ' ; '■ 1 ■ every 
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every inconvenience, giving juft the neceflary degree of 
fridlion to the tape, without ever flopping its motion; fo 
that of the real quantity drawn out by the vibration of 
the pendulum there could not poflibly be the leaft doubt. 
This Ample contrivance conftfted barely of about Ax or 
eight inches of the lift of woollen cloth fattened ui>oii 
the arch of a fmall piece of wood, which was foaped 
into the form of the fegment of a circle thus the 
tape being made to pafs through between the curved fide 
and the lift, which was moderately ftretclied and fattened 
by its two ends to thofe of the little arch. 

Upon the whole, the machinery was all fo perfect, 
and every circumftance attending the experiments of 
the two enfuing days fo carefully obferved, that I can 
with great fafety rely on the concluAons refulting from 
them. And as thofe of the one day were made with 
leaden balls, and thofe of the other with iron ones, 

v V 

which differ greatly in weight, every other circumftance 
being the fame, they afford very good means for difco- 
vering the law of the different weights of foot, while 
the variations in the powder from two to four and 
eight ounces furnifo us with the rule for the different 
quantities of it, ;-S V "' ’ r " ' 
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The fourth courfe was on the aoth of July, a fine 
dear day. The powder was a mixture of feveral of the 
forts made for government, and the balls were ot lead. 
The quantities of powder were two, lour, and eight: 
ounces alternately; and the dimonlions at fu ll were thus: 
p — 552 pounds, the whole weight of the pendulum. 
r = 101 inches, its whole length. 
g = 78 inches, the diftance of the center of gravity. 
h = 88 inches = 7-'- feet, that of the center of ol di¬ 
lation. 
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1g.Let us now colled together the feveml velocities be¬ 
longing to the fame quantity of powder, in order to take 
their means* thus:: v'/d'd •; \ 


Veloc* 


77 
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Vcloc, with 
2 ounces. * 

61 a 
622 
605 

3)i 8 39 
Tlie means, 6 13 


Veloc. with 

Veloc. with 

4 ounces. 

8 ounces. 

8 7 9 

1164 

871 

1154 

870 

1169 

3)2620 

3)3487 

873 

1162 


The uniformity of tliefe velocities is very linking, and 
the means with two, four, and eight ounces of powder 
are 613., 873, and 1162, which are in the ratio of r, 
1.424, and 1.9 ; tliefe numbers are "nearly in the ratio 
of the fquare roots of the quantities (a, 4, and 8) of 
powder, the numbers in this latter ratio being 1, 1.414, 
and 2, where the fmall difference lies chiefly in the laft 
number. A fmall part of this defecSt in the greateft velo¬ 
city is to be attributed to the mean weight of the balls 
ufedwith it being greater than in the others; for the 
mean weight of the balls ufed with eight ounces of pow¬ 
der is a8|- ounces, while that with the two and four 
ounces- is only 28-; the reciprocal fub-duplicate ratio of 

M , , , ** ' ( . ■ ’ . ’ V - 

thefe is that of j to 1.006, in which proportion, in- 
creafingT *9. the number for the greater velocity, it be¬ 
comes 1.91, which dill falls fhort of a by .09,, which is 
about the part too fmall for the fub-duplicate ratio of 
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the powder. This det'eA of a - ad part is ovin v; to tlu . ec 


evident caufes* 


tv#. 


i* X lit Itf'i lentili of cylinder 


through which the ball was impc ilcd; for bv infpcClinr 
the fourth column, denoting the height i 
it appears, that the balls lay three or four in. lies ne.ir'er 
to the muzzle of the piece uith the eight ounce, barge 
than with the others, a. 1 he greater quantity of dal- 
tic fluid which efcaped in this cafe than in the others by 
the windage; this happens from its moving with a 
greater velocity, in confluence of which a grcjtor ,,„a„. 
tity efcapes by the vent and windage than wit h the liml- 
ler velocities. 3 . The third cattle is the greater quan¬ 
tity of powder blown out unfired in this cafe than in 
that of the lefs velocities; for the ball which was im¬ 
pelled with the greater velocity would be fooncr out of 
the piece than the others, and the more fo as it had a left 
length of the bore to move through; and if powder fire 
m tune, which cannot be denied, although indeed that 
tune is manueiily very fhort, a greater quantity of it 

muft remain unfired when the ball with the ore iter ve 
locity iffoes from the niece fi ve ' 

the left JL P ’ thw whcn that w hich has 

the left velocity goes out, ^ more 

onfclT ? kh W3S at **■ * *> -flamed in the 

fo much e*c«Sd«t in , he other5 . The 

h0W6Ver ’ ^ fata the firft audit* 
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of thefe three caufes, as that of the fecond will amount 
to very little; becaufe that the effeCt arifing from the 
greater velocity with which the fluid efcapes at the vent 
and windage, is partly balanced by the fhortcr time in 
which it a£ts. 

From the above reflections we may alfo perceive, how 
fmall the quantity of powder is which is blown out un¬ 
fired in any of thefe cafes, and the amazing quick nefs 
with which it fires in all cafes: for although the time in 
which the ball pafled through the barrel, when impelled 
by the eight ounces of powder, was not greatly different 
from the half only of the time in which it was impelled 
by the two ounces, it is evident that in half the time 
there was nearly four times the quantity of powder fired. 

The fifth or lafl: courfe was on the 2. ill of September, 
1775, fine clear weather, but a little windy. 

The machinery and the- balls were of iron, but pow¬ 
der the fame as in the laft courfe, and the dimenfions as 
follows: 

P ^ 553 pounds, the weight of the pendulum. 

r = 101 inches, its length. 

g = ? 8 j inches, the diftance of the center of gravity. 

b = 84.77 5 inches = 7.065 feet, that of the center of 
ofeiflation, the pendulum making $8 

» 100 feebnds. ' l * ' * 

Mukiber 
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Let us now take the means among thole of the fame 
quantity of powder, thus: 


Veloc, 
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Veloc# with 

Veloc. with 

Veloc. with 

2 ounces* 

4 ounces. 

8 ounces. 

702 

1068 

I4I9 

68a 

1020 

*352 

695 

948 

1443 

7°3 

973 

1360 

725 

957 

x 4 x 2 

5)3507 

5)4966 

5)69^6 

The means, 701 

993 

1397 

And thefe mean velocities 

with two, 

four, and eight 

ounces of powder, are as 

the numbers 1, 1.416, and 


1.993; but the fub-duplicate ratio of the weights (two, 
four, and eight) of powder gives the numbers 1, 1.414, 
and. a, to which the others arc fufficiently near. It is 
obvious, however, that the greateft difference lies in the 
iaft number which anfwers to the greateft velocity, and 
which is again in defeat. It will ftill be a little more in 
defeeft if we make the allowance for the weights of the 
balls; for the mean weight of the balls with the two 
and four ounces is 18| ounces, but of the eight ounces 
it is i8|; diminiftiing therefore the number 1.993 in 
the reciprocal fub-duplicate ratio of 18] to 18|, it be¬ 
comes 1.985, which falls fliort of the number a by 
.015 or the 133d part of itfelf; which defed is to be 
VOL. LXVIlf u 

/ . ’ 1 'a * i C i l! 1 1 * 
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attributed to the fame caufes as it was in the hit courfe 
of experiments before explained. 

Let us now compare the corrdpouding velocities in 
this courfe and the laft. 


In this courfe they are 
In the laft they were 


7 °L 993 , 1397 ; 
J 3? 873, 1162. 


Now the ratio of the ftrft two numbers, or the velocities 
^ith two ounces of powder, is that of 1 to 1.1436; the 
ratio of the next two, is that of 1 to 1,1375; and the 
ratio of the laft is that of 1 to 1.202a, But the mean 
weight of the foot was, for two and four ounces of 
powder 28} ounces in the laft courfe, and 1 HI ounces in 
this; -and for eight ounces of powder, it was *8{ hi the 
aft and 18} in this: taking now the reciprocal fob. 
duplicate ratios of thefe weights of foot, wc obtain the 
ratio of 1 to 1.224 for that of the balls which were 

the riHV f W ° ° UnCeS and f ° Ur ° U " and 

1 “ x -** x lbr m balls wl,ich were fired 
W»th erght ounces. But the red ratios above found are 

*ot greatly different &tn thefe. And the variation of 

J&f? :%**?.*« this of the weights of 

tWscoul *> « they ap- 

feared to do tn the fecond courfe of thefe experiments. 
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We may now collect into one view the principal in¬ 
ferences that have refulted from thele experiments. 

I. And firft, it is made evident by them, that powder 
fires alrpoft inlhmtaneouily, feeing that aimed the whole 
of the charge fires though the time be much dimi- 
niilied. 

a. The velocities communicated to balls, or fliot of 
the fame weight, with different quantities of powder, 
are nearly in the fob-duplicate ratio of thofc quantities. 
A very fmall variation, in defect, taking place when the 
quantities of powder become great. 

3. And when fliot of different weights are fired with 
the fame quantity of powder, the velocities communi¬ 
cated to them are nearly in the reciprocal fob-duplicate 
ratio of their weights. 

4. So that, univerfally, fliot which are of different 
weights, and impelled by the firing- of different quanti¬ 
ties of powder, acquire velocities which are diredtly as 
the fqnare roots of the quantities of powder, and in- 
veffely as the fquare roots of the weights of the fhot, - 
nearly. d ^ 

5 v4t{wpuld therefore be a greaf ■ improvement |h; ar¬ 
tillery to edake ufe of foot of ^ long fo^m, or of heavier 
shatter; for tfois jt^emomentpm of a foot, when* fired 
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with the fame weight of powder, would be mcTeafed fo 

the ratio of the fqitare root of the weight of the iltot. 

6 . It would alfo be an improvement to diminiih the 
windage; for by fo doing, one-third or more of the 
quantity of powder might be laved. 

7. When the improvements mentioned in the hft two 
articles are confidercd as both taking place, it is evident 
that about half the quantity of powder might he laved, 
which is a very confiderable object But important 
as this faving may be, it feems to be Hill exceeded by that 
of the article of the guns; for thus a final! gun may be 
made to, have the cffe£t and execution of one of two or 
three times its fize in the prefent mode, by did barging a 
foot of two or three times the weight of its natural ball 
or round foot. And thus a fmall foip might difeharge 
foot as heavy as thofe of the greateft now made ufc of. 

Finally, as the above experiments exhibit tire regu¬ 
lations with regard to the weights of powder and balls, 
when fired' from' the dime piece of ordnance, &e.; fo 
by making fimilar experiments with a gun, varied in its 


Length, by cutting offit a certain part before each: 
courfe of experiments, the ej^« ^igpoml rules for 
the different lengths of gutj|s may be certainly deter¬ 


mined by them. In 







on which theihi 
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experiments were made, are fo fruitful in conferences, 
that, in conjunction with the effeCts refulting from the 
refiftance of the medium, they feem to be fufficient for 
anfwering all the enquiries of the fpeculative philofo- 
ph'er, as well as thofe of the practical artillerift. 
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IT. A iu-:t} Cafe 
M. D, If A\ A'.; 
If R. S. 


hi Squint hi *, fv Krulhvns Darwin, 
communicated by Thurairi A tile, 


JYnriiik’Iil, M;mli to, ryyy, 

KcaJ J.an. 15, r T^ 11 E tallowing Cilfc ill <<111101 illg, u.s a 
"®" limilar one Iras not been recorded or 
explained by others, may perhaps merit your attention 
from its novelty. 

About fix years ago I was defired to fee a child of the 
reverend Dr. sandford, in Shropfhirc, to determine if 
any method could be devifed to cure him of fquiming. 
The child was then about five years old, ami exceedingly 
tradable and fenfible, which enabled me to make the 
following obfervations upon him with great accuracy 
and frequent repetition. 

:*• He viewed every objed which was prefented to 
him with hut one eye at a time, 

a. If the objed was presented op his right-fide, he 
viewed it With his left eye;- and if it was prefented on 
his lefi>fide, he viewed it With his right eye. 

: . P® fcwhed the pupil of that eye, which was on the 

fame flde Wlth tbe ob i e ^ * n &ch a direction that the 

image' 
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image of the object might fall on that part of the bot¬ 
tom of the eye where the optic nerve enters it. 

4. When an object was held directly before him, 
he turned his head a little to one fide, and obferved it 
with but one eye, viz. with that moft cliftant from the 
object, turning away the other in the manner above de- 
feribed; and when he became tired with oblerving it 
with that eye, he turned his head the contrary way, and 
obferved it with the other eye alone, with equal facility ; 
but never turned the axes of both eyes on it at the fame 
time. 

5. He faw letters, which were written on bits of pa¬ 
per, fo as to name them with equal eafe, and at equal 
diftances, with one eye as with the other. 

6. There was no perceptible difference in the diamcr- 

ters of the irifes, nor in the contracSlibility of them, after 

having covered his eyes from the light. Tbelc obferva- 

tions were carefully made by writing fingle letters on 

* 

fhreds of paper, and laying wagers with the child that 
he could not read them when they were prefented at. 
certain diftances and directions. 

* From thefe circumftances it appeared, that there yfI® 
no defeat in either eye, which is the common caufe of 
fqtiinting, fo well obferved by M. buffon and Of; REih; 
and hence, that the difeafe was fimply a depraved habit 
ofmoving his eyes, and might probably be occafioned 

* v by 
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by the form of a cap or hcad-drefs, which might have 
been too prominent on the fides of his face, like bluffs 
ufed on coach-horfes; and might theme, in early iniancy, 
have made it more convenient for the child to view ob¬ 
jects placed obliquely with the opposite eye, till by habit 
the mujeuli adductores were become ftrongcr, and more 
ready for motion than their antagonists. 

A paper gnomon was made, and fixed to a cap; and 
when this artificial nofe was placed over his real note, fo 
as to project an inch between his eyes, the child, rather 
than turn his head fo far to look at oblique objects, im¬ 
mediately began to view them with that eye which was 
next to them. But the death of Dr. sandfokj), which 
happened loon after, occafioned the removal of his fa¬ 
mily; and the grief and cares of Mrs. sandfokd pre¬ 
vented this, and the other methods propofed, from being 
put in execution. 

v About a month ago I had again an opportunity of 
feeing matter d. s andford, and obferved all the eircum- 
ftances of his mode of vifion to be exactly as they w ere 
fix years before, except that they feemed eftabliihed by 
longer habit;, fo that I could not by any means induce 
| him to bend the axes of both his eyes on the fame obje&f 
trot even for a moment. 

■' ;l - ■'■h" * ■■■■" :■ f ■vc'A srromaEi 
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A gnomon of thin brafs was made to fraud over his 
nolo, with a half circle of the fame metal to go round 
his temples; thefc were covered with black filk, and by 
means of a buckle behind his head, and a croft-piece 
over the crown of his head, this gnomon was managed 
fo as to be worn without any inconvenience, and pro¬ 
jected before his note about two inches and an half. By 
the ufe of this gnomon he foon found it Ids inconve¬ 
nient to view all oblique objeds with the eye next to 
them, inftead of the eye oppofite to them. 

After this habit was weakened by a week’s ufe of the 
gnomon, two bits of wood, about the lize of a goofe- 
quill, were blackened all but a quarter of an inch at. their 
fummits; thefe were frequently prdented for him to 
look at, one being held on one fide the extremity of his 
black gnomon, and the other on the other fide of it. As 
he viewed thefe they were gradually brought forwards 
beyond the gnomon, and then one was concealed behind 
the other: by thefe means, in another week, he could 
bend both his eyes on the fame objed for half a minute 
together. 

By the pradice of this exercife before a glafs, aliiioft 
every hour in the day, he became in another week able 
to read for a minute together with his eyes-both direded 
on the fame objeds; and I have 
iiJoL. LXVIIL N '' tience 
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tience enough to pcrfcverc in thefe efforts, but he will 
In the comic of fume months overcome this imlightlv 
habit. 

1 ili-all conclude the account of this cafe by adding, 
that all the other iquinting people 1 have had oceaium 
to attend to, have had one eye much lei’s per fed than the 
other, according to the obfervations of Mr. buffqn and 
Dr. Reid. Thefe patients, where the difealed eye is not 
too bad, are certainly curable by covering the belt eye 
many hours in a day; as, by a more frequent ole of the 
weak eye, it not only acquires a habit of turning to the 
objeds which the patient willies to fee, but gains at the 
fame time a more diltind vifion; and the better eye at 
the fame time feems to' lofe fomewhat in both thefe 
refpeds, which alfo facilitates the cure. 

This evinces the abfurdity of the pradice of prohibit¬ 
ing thofe who have weak eyes from uling them; iincie 
the eye, as well as every other part of the body, acquires 
ftrength from that degree of exercife which is not ac¬ 
companied with pain or fatigue; and I am induced to 
believe, that the moft general caufe of fqumting in chil¬ 
dren originates from the cuftom of covering the weak 
eye, which has been difeafed by any accidental caufe,, 
before the habit of obferving objeds With both eyes was 
perfedly eftablilhed., ' 

7 , ^ ' The 
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The facility with which matter sandford received 
the images of oblique objects on the infcnfible part of 
the retina of one eye, whilft he viewed them with the 
other, induced me to obferve the fize of this infenfibie 
fpot, and to endeavour to afcertain the caufe of it. 

There w^ formerly a difpute among philofophers, 
whether the choroid coat of the eye or the retina was the 
immediate organ of vilion, which has lately been re¬ 
vived in fame meafure in Dr. Priestley’s valuable Hif- 
tory of Light and Colours; and it was then thought by 
one party in this difpute, that the defedt of the choroid 
coat, where the optic nerve enters the eye, was the caufe 
of this want of vilion in that part. 

But the following obfervation fliews beyond a doubt 
the fallacy of this fuppofition: the diameter of the optic 
nerve, at its entrance into the eye, is about one-fixth of 
an inch, and the perforation of the choroid coat, through 
which it paffes, mutt of neceffity be of the fame diame¬ 
ter; now the dark fpot, which is feen in objedts oppofed 
to the center of the optic nerve, if it was occalioned by 
the deficiency of the choroid coat, Ihould, at nine inches 
diftance from the eye, be fifty-four times the diameter 
of this aperture, qrmneinches in diameter ; whereas I 
find, by experiment,! that a paper of one inch in 
could not he totally concealed at nine inches diftance 
" 1 N 2 ■ ■ ■ ■ " • 1 . y from 
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from my eye; and M. lk cat by accurate obfervntiom 
found, that the infallible part of Ida eye was hut be¬ 
tween the thirtieth and fortieth part of an inch in dia¬ 
meter. This experiment is lb ealily made, that it can 
he attended with no fallacy; and at the fame* time that 
it fhews that the infetifible fpot, where tb^optic nen e 
enters the eye, is not owing to the deficiency of the < ho- 
roid coat, intirely fubverts the opinion of the choroid 
coat being the organ of vition; for vilion waits where 
the choroid coat is not. 

Nor is the infallibility of the center of the optic 
nerve owing to the ingrefs of the arteries along with it 
into the eye; for a large branch of this artery runs along 
the bottom of the eye, where vifion is moft and 

becaufe all this artery is covered with the expan fe of the 
retina on the external fide of it. Mr. savage made an 
experiment for another purpofe, which however fhews, 
that the optic artery, where it is branched under or 
through the retina, does not much diffcurb the power of 
virion. It is this: if you look on a white wall oil a 
luminous day, with the Sun Alining on the wall 
only by its refle&ed light, you will difeern the parts of 
the wall become darker and lighter at every puliation of 
the optic artery. This darker and lighter appearance is 
like net-work, and not uniform like the wall itfelf; but 
m . V ; ' V fo the 
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the whole, though rather darker while the diaftole of 
the artery comprcfies the retina, is yet dittindlly viiiblc. 

The following circumftance feeras to give rife to the 
infenfibiiity of the central part of the optic nerve at its 
ingrefs into the eye, which I have obferved in levcral 
calves’ eyes. The point of a pair of feilRirs was intro¬ 
duced behind the ciliary circle, and the whole of the 
cornea, aqueous humour, iris, and cryftallinc, being re¬ 
moved, the retina was beautifully fee 11 through the vi¬ 
treous humour fomewliat magnified. On expofing this- 
to the fun-fhine, and infpedting it with nicety, a white 
filament, about the tenth of an inch in length, arifing 
from the center of the optic nerve, was feen afeending 
ffcraight upwards into the vitreous humour, like a thin 
white worm. The ufe of this may be to fupply the vi¬ 
treous humour or cryftalline with nourifhment, whe¬ 
ther it be a nerve or an empty blood-vcftel; but this is 
certain, that its riling lb high above the lurfacc of the 
retina muft render it incapable of vifion: whence there 
is juft reafon to conclude, that this conformation muft 
be the true caufe of the infenfibiiity of this part of the 
eye. ' 

I do not affirm, that the human eye, either during in¬ 
fancy or in our riper years, is fimilar in conformation to 
that of a calf, nor have we fufficient opportunities to ob r 

" , . * „ , - : -' r 
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fervctbem; but I fufpc& this vciicl may, after the growth 
of the animal, be totally obliterated; and that, in ibme few 
inftances, the optic nerve may even in this part become 
ienlible to light. One infhmce I am certain 1 have 
teen, as it was in a man capable ot the moll patient 
and accurate obfervation, who on numbcrlefs repeated 
trials, at different times, in my prefence, could never 
dole light of the fmalleft object with either of his eyes. 


Supplement to the cafe in Squinting, 

IT fince occurred to me, that the unufua! mode of 
■iquinting deferibed in the above paper muft have arifen 
ifrom fome original difference in the fenfibility of fome 
parts of the eye, which might have rendered it more 
,eafy .for mafter sandford, when a child, to obiirve oh- 
** with one eye only, and that with the eye mod 
diftant.from obje&s prefented obliquely to him. 

Two jGtrcular papers, each of four inches diameter, 
were ftucfc againft the wall, their centers being exactly 

at ei £ ht ^ ts diftance from each other. On doling 
,One,eye, and viewing the central fpot of one of thefe 

papers with the eye furtheft from it, and then retreating 

, ■ , . ■ ' twenty- 
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twenty-fix inches from it, the other paper became invi- 
fible. This experiment was made on five people of 
various ages, from ten years old to forty; and the paper' 
difappeared to them all at about this difiance, or an inch 
or two more or lefs: but to mailer sandford the paper 
difappeared at about thirteen inches diftance from the 
wall. Thcfe papers were afterwards removed to twelve 
inches, and then to four inches interval between them; 
and by the niceft obfervarious on repeated trials I found, 
that the paper,, equally with one eye as with the other, 
uniformly difappeared to him at about half the diftance 
it did to five others. 

Another curious circumftance is, that as large a paper 
difappeared to him at half the diftance as it did to others 
at the whole diftance ; and lienee the infenfible part of 
the. center of the optic nerve in his eyes is, as near as can 
be eftimated, four times- the area of the infenfible part 
of the eyes of other people,, at the fame time that the 
angle made between the ingrefs of the optic nerve and 
the bottom of the eye is twice as great as in others. 

It is eafy to conceive that, in early infancy, whemany- 
©bjedt which the child wifhed to infpedt was prefented 
obliquely to him, that on this firft indiftindt view of it,, 
before either eye could be turned towards it, it would! 
appear much more brilliant and diftin<5t, to the contrary 

. V, , y v ' ; " '.Vi yip,; 
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cu 1 , than to shut march the object, as to great a part of 
it would now .fall on the large inlenfible part of that eye, 
This mud naturally im.huc him to \ie\v it with the <>p- 
pofite eye, to which it already appeared more brilliant 
and diilind : and this to him would he h> nnu h caber to 
aecomplifh, as the inUm tilde part of the neglected eye 
was great enough to receive as large a part of an objed 
as is ufnally viewed at once* with accuracy, and hence 
would not confute the vifion of the other. 

I muft beg leave to add, that hy wearing- the artificial 
nofe he has greatly corroded the habit of viewing ob¬ 
jects with the eye furtheft from them; and has more 
and more acquired the voluntary power of directing both 
his eyes to the fame objed, particularly if the objed he 
not more than four or five feet from him; and will, 1 
believe, by refolutc perfeverance, inti rely coned this 
imfightly deformity. Nothing but the curiofity and no¬ 
velty of the fubjed can excufc the length of this paper. 
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V. A Cure of a Mufcular ContraSUon by Electricity. By 
Miles Partington, in a Letter to William Henly, 
F. R. S. 


DEAR SIR, 


Oreat Rultel-thecv, 
. June 13 , 1777. 


Read Jan. 15, Tt is fome time fince you informed me that 
1777. 1 , , , , 

you had mentioned to Sir john Pringle 

Mifs lingfield’s cure by electricity; that it excited his 
attention; and that it was his opinion, that the commu¬ 
nication of it to the Royal Society would be deemed im¬ 
portant and ufeful. I hope you will not blame my delay 
in the compliance with your requeft. I have waited for 
no other purpofe than to obtain the lateft account of the 
permanency of thofe good effects, which die had then 


but recently experienced from our electrical experiments 
upon her. Of thefe advantages we have both had re¬ 
peated confirmation; and I may now, I believe, with 
ftri£t propriety* from the notes 1 made for my own fatif- 
faftion, fubmit the following particulars of them to the in- 
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were prefent when I firft waited on this unhappy young 
lady, you will recoiled the condition in which we (bund 
her. Her head was drawn down over her right fhmdder; 
the hack part of it was twilled lb far round, that her 
face turned obliquely towards the oppolitc tide, by which 
deformity fire was difabled from feeing her feet, or the 
fteps as {he came down flairs. The jkrm-majloidrm 
mufcle was in a Hate of contradion and rigidity. She 
had no material pain on this fide of her neck ; but, owing 
to the extreme tendon of the teguments of the left fide, 
file had a pain continually, and often it was very violent, 
particularly in fudden changes of the weather. Her 
pulfe was weak, quick, and irregular. She was lubjed 
to a great irritability, had frequently a little fever, which 
came On of an evening, and left her before morning; 
her.fpirits were generally exceedingly opprefled, and at 
times fhe was flightly paralytic. 

by>SM;/dated' the origin of her diforder at fomething 
raofdthan two years from that period. She .was fuddenly 
feized, going out of a warm room into the cold air, with 
a pain Upon the hack of her head, which* admitted of 
final! abatement for fome months, contrading gradually 
the toufcles to the melancholy deformity we then be— 
held; andnotwithfiandingeverypmdent meanshadbeen 
ufed tofuhdue it, andfhefltf<% adhered to every article 
, 1 . . d . '' i prefciibcd 
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prefcribed to her by the faculty, ihe was fenfible of little 
variation fince, and that rather on the unfavourable fide. 

I urged her to make a trial of Electricity. She was 
willing while fhe was in London to try the experiment; 
and, though the weather was remarkably tempeftuous, 
file came to me the fir ft tolerable day, and was electrified 
the firft time February 18, 1777. 

I fat her in an infulated chair, and, connecting it by a 
chain to the prime conductor of a large eleCtrical ma¬ 
chine, I drew ftrong fparks from the parts affeCted for 
about four minutes, which brought on a very profufe per- 
fpiration (a circumftance ihe had been unaccuftomed to) 
which feemed to relax the majloideus mufcle to a confi- 
derable degree; but, as the fparks gave her a good deal 
of pain, I defifted from drawing them, and only lubjeCted 
her a few minutes longer to the admiflion of the fluid, 
which paifed off without interruption from the pores of 
her ikin and adjacent parts. The next time file came to 
me was the 2 4th .of the fame month: as lhe had been in 
the afternoon of the .firft day’s experiment a good deal 
difordered, I changed the mode of conducting, and,fat 
h er in while I dropped, for five 

minutes, by the means .of a large; difcharging fod with a 
glafs handle, very, ftrong fparks upon the majloideus 
mufcle, from its double origin at th ejiernum and davi* 

0f . . , cula 
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Mila to its illicit ion at the back of the head. She bore 
this better than before, and the fame good effect fol¬ 
lowed in a greater degree, and without any of the fubic- 
quent inconveniences. I Jaw her the third time on the 
a7th: ihe allured me the had cicaped her feverilh iymp- 
toms on an evening, and that her fpirits were railed by 
the prolpe£t of getting well; that, fiuce the latt time I 
electrified her, flic had more freedom in the motion of 
her head than fhe had ever experienced fmee the firft at¬ 
tack of her diibrdei. I pet-lifted in electrifying her after 
the fame manner, March 3d, 5th, 6th, 7th, anti 9th; from 
each time fhe gained fome advantage, and her foverifh 
tendency and. nervous irritability went off'entirely. 

The weather now letting, in very unfavourable, and: 
fearful of lofimg the advantages we had happily reaped’ 
from our early efforts,,I requefted the favour of you, as. 
her. next-door neighbour,, to ele&rify her every evening 
while; Ihe was in town, ,and fhe: might, if any alteration, 
took: .place,.: fee 1 me, oceafidnalty.;. Fortunately for her,, 
you accepted the propofai, and to your, judgement 
and caution in the conduct of, it for, the next fort- 
night (three evenings only excepted) you brought about:’ 
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which life could not be dcfirable, to a comfortable affo- 
ciation with her family and friends. 

I am, &c. 

THE method I purfucd was, to place the lady upon 
a- ftool with glafs legs, and to draw ftrong fparks, for at 
leaft ten minutes, from the mufcles on both fides of her 
neck. Bolides this, I generally gave her two Brocks from- 
a bottle containing 15 fquare inches of coated furface 
fully charged, through her neck and one of her arms,, 
croffing the neck in different directions. This treatment 
fhe fubmitted to with a proper refolution; and it gave me; 
fincere pleafure to find it attended with the defired; 
fuccefs. w. henly. 
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VI. An Account of a large Stone near Cape Town, In a 
Letter from Mr* Anderfon to Sir John Pringle, Bart, 
P, R, S.; ‘tuitb a Letter from Sir William Hamilton, 
K.B. F. R.S. to Sir John Pringle, on having pen 
pieces of the /aid Stone. 


SIR, 


Cape pf n<t«! floj^ 
N'ov, *4* i’/7 


Read Jan, i|, ITI jj;e honour you dkl me lad winter 
^ 7 7 ' *1 * ft 

*•*, when in London, by approving of the 
notes I had taken concerning the poifonous cffi-dls of 
fonie Rlhes which had been eaten by part of the Refo- 
lution’s crew in her laft voyage, has made me take the 


liberty to write to you on another fubjedt, which, though 
perhaps lefs interefting, is yet curious enough to tleferve 
: Cb|ae\«tteiith)n, 


What I mean is, a done of an extraordinary fkein> 
■ this country, whidh^fr* masson,.- whole papers relative:! 
to this place were read before the Royal Society, may A 
have mentioned ; but iteohld not be in fucha manner 
as he wiihed, as it was at his defire that I went to fee it: 
and though neither mf time nor abilities were fufficteht 4 . 
to obferve every particular worth notice, I hope my fm- 


eere 
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cere intention of communicating any thing ufeful or 
curious will compenfate for thefe deficiencies. 

The ftone is fo remarkable, that it is called by the. 
people here the Tower of Babel, and by fome the Pearl 
Diamond. It either takes the laft name from a place 
near which it is fituated, or it gives name to the tradt of 
cultivated land called the Pearl. It lies upon the top of 
a ridge of low hills, beyond a large plain, at the diftance; 
of about thirty miles from the Cape Town, beyond 
which, at a little diftance, is a range of hills of a much 
greater height. It is of an oblong fhape, and lies North, 
and South. The South end is higheft; the Eaft and Weft 
fides are fteep and high; but the top is. rounded, and 
Hopes away gradually to the North end, fo that you can 
afcendit by that way, and enjoy a moft extenfive profpedt 
of the whole country. I could not precifely determine 
its circumference, but it took us above half an hour to 
walk round it; and by making every allowance for the 
rugged way, and Hopping a little, I think the moft mo¬ 
derate computation muft make it exceed half a mile., 
The fame difficulty occurred with refpecft to knowing its. 
height; but I think that, at the South-end, it is nearly 
equal to half its length: or, were I to compare it to an 
object you are acquainted with, I fhould fay it equalled,, 
the dome oftBt,Tat#sCd^ 

. ' i mi 



i o.f Mr. ANDKnsox’s A: court of a 

I am uncertain whether it. ought to be omiukrol as 
the top of the hill, or a detached hone, bccaiMi: there is 
no pofitive proof of either, unlefs we were to hip; about 
its bale; but. it would certainly impreb e\ cry beholder, 
at firft fight, with the idea of its being one done, not 
only from its figure, but bccaufe it is really one solid 
uniform mafs from top to bottom, without any inter¬ 
ruption ; which is contrary to the general character of 
the high hills of this country, they being commonly 
divided, or computed of different ftrata, at lead: if we 
may judge from the rows of plants or fluubs winch 
grow on the tides of the ftcepeit, and, as I fuppofc, arc 
produced from the fmall quantity of earth imerpofed 
between them. Jt has indeed a few filfures, or rather 
impreflions, which do not reach deeper than four or five 
feet ; and neat its North end a ftratvim of a more com¬ 
pact ftone runs acrofs, which is not above twelve or. 
fourteen inches thick, with its furface divided into little 
iqutires, or oblongs, difpoied obliquely. This ftratitra is 
perpendicular; but whether it cuts the other to its bate, 
or is fuperficiali I camiotdetermine. Its fur face is alto 
fo fmooth, that it doernot'appear to have formerly been 
joined to, orfeparnted from, any other part by violence, 
as is the cafe with many Other large fragments; but en¬ 
joys the exa& fituation where it was originally placed, 
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and lias undergone little change from being expofed for 
fo many fucceffive ages to the calcining power of a very 
hot climate. 

I have fent a fpecimen of the rock and of the ftratum, 
which are both what the mineralogifts call J'axa con gin- 
tinata or aggregata , and confequcntly are different from 
the more folid if ones which conftitute the greateft part 
of the mountains here; and is likewife another proof of 
its being a fingle ftone. But it ought to be obferved, 
that the piece of the rock was taken from a thin piece 
or fcalc, which the weather may, perhaps, have had 
feme effedt upon, fo as to change or deftroy the cement 
which keeps the pieces of the different fton.es together, 
as it is very friable. 

It would be needlefs to attempt to draw any conclu- 
ftons from this ftiort defcription; nor indeed and I cer¬ 
tain if any ufeful reaioning could be made from it. I 
flaall, however, leave that to your better judgement, and 
can only fay, as an apology for troubling you, that it 
aftonifhcd me to fee its_ prodigious ftze ; and that, as I 
had never feen or heard of any thing like it before, I 
thought it worth mentioning, efpccially as it had at¬ 
tracted the attention of one who, though he had tra¬ 
velled a great way in this ektenftve country, had certainly; 
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not fecn its equal, or lie would not have wifhed to have 
this particularly examined. 


SIR, JyJy i.-; 

1 RETURN yon many thanks for the fight of the 
Rones from the Cape of Good Hope. 1 have not time to 
examine them very minutely; but they feem to be both 
of the fame nature, granites , the fmaller piece being 
only of a finer texture. The higheft points of the Alps 
are compofed of granite of the lame nature, ami feem to 
have been lifted up by exhalations, volcanic explofions, 
or fome fuch caufes. This lingular immenfe fragment 
of granite moft probably has been raifed in the fame 
manner. Moft of the mountains which are called primi¬ 
tive (which 1 believe is only a term) arc of this texture* 

I am, $cc. 

W. HAMILTON# 
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VII. A Letter from Nathaniel Pol hill, Ffq, Member of 
Parliament for the Borough of Southwark, to Mr. John. 
Belehier, F. R. S. on Mr. deb raw’s Improvements in 
the Culture of Bees (n} . 


DEAR SIR, 


Southwark,. 
October tt r *77ft 


Read Jan. 22, M R. DEBRAW’.S papCT Oil 1 >CCS> which you 

1778. IVI 

was io obliging as to procure me, has 
afforded me much pleafnm As a farther difeovery of 
the nature and operations of thefe wonderful infe< 5 b, it is 
a matter of great curiofity, and niuft have been an high 
entertainment to the naturalift who has made them the 
ohjeeff of his attention; but with me, the merit of his 
publication does not end here; his difeoveries, if pro¬ 
perly purfued, may be of considerable public utility; 
thofe who cultivate bees for profit will now be aide to 
increafe the number of their docks at pleafure, by adopt¬ 
ing Ms method of compelling the commons to produce 
a queen. That the working bees fhould be capable of 
forming a queen in the manner he describes, I own at 
firft daggered my belief; and although the. experiments 

"(■*) See Philofophicat Trartfafiusns, voL LXVII. p» i$* , ; ; • 

P * ' \ ■ 
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appeared to be deciftve, yet, as the whole depended on 
his veracity, I could not be fatisfied without malting him 
a. vifit.. I found him modeft, fenfible, and communica¬ 
tive,; and have had as much ocular proof as the leafon 
of the year would- admit. In fliort, 1 am. convinced of 
the fadl, but not lei's at a lofs to account tor if. 

The next difcovery is the r.fe of the drones: every one 
who has written on the fubjedt has given feme opinion 
concerning them, but all very unfatisfadory. Many have 
acknowledged their ignorance; and feme have abfolutely 
pronounced them ufelefs, and recommended their being 
deftroyed, to prevent an unneceffary wafte of honey: 
even butler, in his Feminine Monarchy, or Hiftory 
of Bees, which he calls a book, written from experience, 
deferibes a drone-trap,, which he recommends to be ufed 
for that purpofe: and it is at this time fo general an opi-» 
nion amongft the bee-mafters in this kingdom, that l am 
perfuaded, nothing but the trouble and difficulty of 
catching, them prevents many from ruining their docks 
of bees by this means: X fpeak now from knowledge; 
feme years fmee I loft aftrong colony by giving the ex* 
periment a fair trial. 

I can alio confirm his account of the exiftcnce of, 
diones no larger than the common, bees* having by 
^ • , accident 
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accident difcovered them laft Midfummer in one of 
my boxes; debraw fays, the reafon of this difference 
in the fize of drones he fears muft remain among the 
arcana of nature; but I will venture a conjedure from 
the general oeconomy of thofe creatures. The large 
drones confume a great quantity of food, and, as foon 
as the breeding feafon is over, are all deftroyed by 
the working bees, evidently to avoid the expence of 
keeping them: and they do not appear again till the 
middle of April, when honey is plenty; though the 
breeding begins in March, or, if the fpring be forward, 
the latter end of February: from hence ! think it 
may fairly be concluded, that the fmall drones are pre- 
ferved to impregnate the eggs in fpring, in preference to 
the large ones, becaufe they devour lefs honey; and this 
is no inconfiderable objed, few hives being fo well pro¬ 
vided as to have much to fpare at that feafon. 

The only thing wanting to introduce Mr. debraw’s 
difcoveries to general practice is, to contrive a method of 
making his experiments fo cafy, and with fo little dan¬ 
ger from the flings of the bees, as may recommend it to 
little farmers and cottagers in the country. This I fliall 
endeavour to do next dimmer, and am not without, 
hopes of fucceeding: this once effeded, every poor man,, 
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who has room enough in his garden to place twenty 
hives, may reafonably exped a profit of at leaft ten 
pounds a year, with very little trouble and without any 
expence. 

l am, &c* 
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VIII. An improved Method of tanning Leather . By David 
Macbride, M. D. communicated by Sir John Pringle, 
Bart. P. R. S. 


SIR, 


Dublin, 
May 30, 1777, 


Read Jan. 22, A GREEABLY to the promife which I 
Ij/U ‘ mac je you fome years ago, I now fend 

you my fecret method for the more expeditious tanning 
of leather. If you think the letter, and paper which it 
inclofes, worthy of the Society’s attention, you will pleafe 
to prefent them. I have already delivered in one of thefe 
fets of inftru&ions to our Dublin Society (who have been 
acquainted with the whole progrefs of this affair fmce 
the beginning) and have fent two others to the Societies 


Which are eftablifhed in London and Edinburgh, for the 


purpofe of encouraging trade and manufactures; as 
judging it will'be more in their way than in the Royal 
Society’s to extend the utility of this invention: for I 
apprehend it will require fomfe* • encouragement from. 
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them, in the way of premium, to fet the bufinefs a-go¬ 
ing, fo ftrong are the prejudices arnongft tradefmen of 
all forts againft trying new practices, and fuch the re¬ 
luctance with which they quit their ancient ways of 
working. 

I am. See. 


SIR, 


Dublin, 
May 3 1 , 1777. 


Y O U may pleafe to remember that I informed you, 
fome years ago, of my having found out a way of tan¬ 
ning leather in lefs time, and at a fmaller expence of 
materials, than can be done by any of the ways hitherto 
known or pradtifed; and promifed that, as Toon as I 
fhould find myfelf at liberty to difclofe it, I would com¬ 
municate my method to the Royal Society. 

Accordingly I take the liberty of inclofing a fet of 
inftru&ions, which I drew up for the perfon who con¬ 
ducted the bufinefs of a large tan-yard belonging to a 
company with which 4 have had an engagement for 
thefe laft four years; which I apprehend will be found 

1 ' •' ''; ’vi'.V,,t', , 
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fufficiently clear for enabling any intelligent tanner to 
avail himfelf of my improvements. 

I beg you will prefent this paper to the Society; but, 
as it cannot be underftood by gentlemen who are not 
already, in fome degree, acquainted with the ordinary 
procefs of tanning, I muft requeft their indulgence while 
I mention the principal operations in this branch of 
manufacture. 

The ufe of tanning is two-fold; firft, to preferve the 
leather from rotting; and, fecondly, to render it imper¬ 
vious to water. 

An infufion of any firongly-aftringent vegetable will 
ferve to tan leather, fo far as to prevent its rotting; but 
if this vegetable does not contain a good deal of gum- 
refin, it will not anfwer for enabling it to keep out water: 
and hence it is that oak-bark, which is more abundant 
in the gummy-refinous part than any of our common 
indigenous aftringents, is preferred to all other fubftances 
for the purpofe of tanning. 

The tanners prepare their bark by gently drying it on 
a kiln, and grinding it into a very coarfe powder. They 
then either ufe it in the way of infufion, which is Called 
ooze; or they ftrew the dry powder between the layers 
Vol.LXVIII. . • Q ■ --A, ' of 
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. of hides and fkins, when thefe are laid away in the tan- 
pits. 

The ooze is made by macerating the bark in common 
•water, in a particular fet of holes or pits, which, to dif- 
tinsruifh them from the other holes in the tan-yard, arc 
termed letches. 

The firft operation of the tanner is to cleanfe his hides 
from all extraneous filth, and remove any remains of 
fiefh or fat which may have been left behind by the 
butcher. 

The hair is next to be taken off, and this is accom- 
pliihed either by fteeping the hides for a Ihort time in a 
mixture of lime and water, which is termed liming f or by 
rolling them up clofe, and piling them in heaps, where 
they quickly begin to heat and putrify. The hair being 
loofened is fcraped off, and the tanner proceeds to the 
operation called flefliing, which confifts in a further 
fcraping, with a particular kind of knife contrived for 
the purpofe, and cutting away the jagged extremities and 
offal parts, fuch as the- ears and noftrils. 

The raw leather is then put into an alcaline ley, in 
order to difcharge the oil, and render its pores more 
capable of imbibing the ooze. The tanners of this 
country generally make their ley of pigeon's dung; but 


a more 
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a more active one may be prepared from kelp or pot-aili, 
taking, care, however, not to make it too ftrong of the 
allies, nor to allow the leather to remain too lono- in the 
ley. 

The oil being Efficiently difcharged, the leather is 
ready for the ooze, and at foil is thrown into fmaller 
holes, which are termed handlers; becaufe the hides or 
Ikins, during this part of the procefs, are taken up, from 
time to time, and allowed to drain; they continue to 
work the leather in thefe handlers, every now and then 
ffirring it up with the utenfil called a plunger, which is 
nothing more than a pole with a knob at the end of it, 
until they think proper to lay it away in the vatts. In 
thefe holes, which are the largeft in the tan-yard, the lea- 
ther is fpread out fmooth, whereas they tofs it into the 
handlers at random, and between each layer of leather 
they fprinkle on fome powdered bark, until the pit is 
filled by the leather and bark thus laid in Jlratitm fuper 
firatum: ooze is then poured on, to fill up interfticcs; and 
the whole crowned with a fprinkling of bark, which the 
tanners call a heading. 

In this manner the leather is allowed to macerate, 
until th scanner fees that it is completely penetrated by 
the ooze: when this is accompliffied (which he khpws by- 

Q » - cutting 
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cutting out a bit of the thickeft part of the hide) the 
manufacture is finifhed, fo far as relates to tanning, iince 
nothing now remains but to dry the goods thoroughly, 
by hanging them up in airy lofts built for the purpofe. 
Such in general is the procefs for tanning calf-ikins, and 
thole lighter forts of hides which are called butts; but 
the large, thick, heavy hides, of which the ftrongeft and 
moft durable kind of foal-leather is made, require to 
have their pores more thoroughly opened before the 
ooze can fufliciently penetrate them. For this purpofe,, 
while the hides are in the putrefcent hate, from being- 
allowed to heat in the manner already mentioned,, anti 
well foaked in an alcaline ley,, they are thrown into a four 
liquor, generally brewed from rye, in order that the 
effervefcence. which neceffarily enfues may open the 
pores. 

The tanners, term this operation railing, as the lea* 
ther is confiderably fwelled, in confequence of the con- 
flidtehetween the acid and alcali. This is an Englifh 
invention; for it appears from M* de la lands, who. 
was employed by the Royal Academy of Sciences to 
write on the ait of tanning, that the foreign tanners 
know nothing of this branch of the bufinefs*; indeed* 
their whole procefs, according, to his account, is flovenly, 

and 
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and even more tedious than our common method, and 
mult make but very indifferent leather. 

When the railing is accomplifhed, the leather is put' 
into the handlers, and worked in them for the r.equifite. 
time; then laid away in the vatts, and there left.to mace¬ 
rate until the tanning is found to be completely finilhed,, 
which, for the heavi^ft kind of leather, fuch as this of. 
which I am now fpeaking, requires from firft to laft fulL 
two years. At lead, the tanners of this country cannot: 
make foal-leather in lefs time; what they are able to> 
perform in England, I am not fo thoroughly acquainted 
with. 

It is this tedioufnefs of the procefs which enhances 
the value of leather; and the returns being fo flow, the: 
trade of tanning never can be carried on to advantage,, 
but by perfons poffeffed of a large capital; therefore, one 
’fore way of increafing the number of tanners, and of 
couife of bringing down the price of their manufacture,, 
is to shorten the procefs; and if at the fame time we.can. 
improve the quality of the leather, and.fave fomewhab 
in the expence of tanning materials, the public will be : 
elfentially benefited in refpedt to one. of, the neceflary 
articles of life. 
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All this, I will venture to fay, can be done by pur- 
fuing the method which is laid clown in the indofetl 
paper, and which may be introduced into any common 
tan-yard. 

With refped to time it is poffible, in the way that I 
have found out, to finifli leather in a fourth part of what 
is required in the ordinary procefs; for I have repeatedly 
had calf-fkins tanned in a fortnight or four weeks, which 
in the common way could not be done in Ids than from 
two to four months. 

I fhall not pretend, however, to affirm, that that bull- 
nefs can be carried on in the large way with fuch expe¬ 
dition; becaufe a great deal of this abridgement of time 
was probably owing to frequent handling and working 
of the leather ; but I am confident, and know it from 
four years experience, that in the ordinary courfe of bu¬ 
ll nefs, and in a common tan-yard, the tanner may five 
at leaf four months out of twelve, produce better lea¬ 
ther, and find his bark go much farther than in the old 
way of tanning. 

Having premifed thus much, I flatter myfclf that the 
paper of iii.ftrudions will he found perfectly intelligible. 
It ftiews, that the principles on which my method is efta- 
blifhed are derived from chemiftry, and therefore it will 

not 
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not appear ftrange, that thefe improvements fhoukl have 
been made by a perfon of the medical profedion.: indeed,, 
they took their rife from a feries of experiments carried 
on purely for medical purpofes (the very fame that con¬ 
firmed me in the opinion .that, infufion of malt would 
cure the fea fcurvy) and any perfon who will look into 
the account of thofe experiments, will readily underhand 
the theory of the new method of tanning (a) . 

It would be trefpaffing on the time of the Society, to. 
enter into any detail of the circumftances that firft in¬ 
duced me to think of this matter, or to give a hiftory of the 
progrefs of my experiments, which at firfl: were made at 
home, and with little pieces of raw leather: it is fuffi- 
cient to fay, that the efficacy of this method has been 
fully proved by the experience of near ten years (during 
which T have thought proper to keep it fecret) and I 
now beltow it to the public. 

I am, See. • 

(a) See the Effay on the diffolvent Power of Quickfilver, among the Expe- 
rimental ElTays on Medical and Philofophical Subje&s.. 
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Injlruclions to farmers, for carrying on the new method 
of tanning , invented by Dr. macbride of Dublin; 
whereby the leather is not only improved in its qualify , 
but tanned in much lefs time , and with a fmailer quan¬ 
tity of bark , than in any other method hitherto known 
or praBifed 

AS die new method of tanning depends on this prin¬ 
ciple, “ That lime-water extracts the virtues of oak-bark 
u more completely than plain water;” the firft thing in 
which the tanner is to be inftrudted, is the making of 
lime-water, 

i. Provide a large veffei, in the nature of a ciftern, 
whtofe depth fhall be at leaf! twice its diameter, and of a 
capacity adapted to the extent of the tan-yard. 

ii. This ciftern rauft be fixed in a convenient comer 
of the yard, under a Hied, and fhould ftand fo as that the 
liquor which is to be drawn off from it may run freely 
into the letches. 

in. There muft be a cock fixed in the fide of the 
ciftern, about a foot from the bottom, to let off the con¬ 
tents; and there muft be a hole in the bottom of it, of 

five 
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five or fix inches diameter, which is to he flopped with a 
plug. Let this hole open over a gutter. 

iv. The ciftern mu ft be covered with a flooring of 
hoards, ftrong enough to bear a man’s weight; and from 
fide to fide of this lid there muft be an opening of two 
or three feet wide. 

v. If it can be fo contrived that a water-pipe may be 
led into the ciftern, it will fave the fervants a good deal 
of trouble; but if this cannot be done, a pump muft be 
fixed in the moft convenient way, for the purpofe of 
filling it from time to time. 

vi. The ciftern being once fixed (which is all the 

additional apparatus that the new method of tanning 
requires) the making of lime-water will be found ex¬ 
tremely Ample and eafy. ■ 

vii. You are firft to fill the ciftern with water, and 
then, for every hogfliead that it may contain, throw in 
ten or a dozen pounds weight of un flaked lime. 

vm. Mix the lime thoroughly with the whole body 
of the water, by ftirring it exceedingly well from the 
bottom, with a bucket and plunger, until you perceive 
that the lime is completely diffufed, and the whole-mix¬ 
ture grows as white as milk ; leave it then to fettle for a 
couple of days, thattfieundiftblve^ part of the lime may 
Vol. LXVHI. R entirely 
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entirely fubiide, and the water become perfectly limpid, 
and clear as rock-water. Your lime-water will then be 
fit for immediate life. 

ix. The cock, as already mentioned, is to be fixed at 
lead: twelve inches from the bottom of the cittern, in 
order that only the limpid part of the lime-water may 
run off; and the ufe of the hole in the bottom, which is 
ordered to be flopped with a plug, is to let off the grofs 
and infoluble remains of the lime, as often as it may be 
found neceffary to clean out the cittern. 

x. When the firft brewing (as it may he termed) of 

lime-water is all expended, you are to fill up the cittern 
with water a fecond time; ttir up the lime from the bot¬ 
tom with the bucket and plunger, fo as to mix it 
thoroughly with the whole body of the water, as before 
directed, and then leave it to fubfide for tlie requifite 
time. Thus you will have a fecond brewing of lime* 
water ; and you may go on in the fame manner to make 
a tSif%Tdi|frh, fifth, or perhaps a fixth, of more brew¬ 
ings, from the quantity of lime;..provided you 

lhall find the lime-water continue fufficiently ftrong. 

. xi. There areitt^i*^^ when-lime-water, 

is Sufficiently ftrong. tafte, and this a. 

little practice will teach you.'to diftinguiih; the other is,, 
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by obferving a certain folid fcum, like the flakes of very 
thin ice, which collects and forms itfelf on the furface of 
the lime-water.—As long as you find this folid fcum 
floating on the top of the water in the cittern, fo long 
you may conclude that there is no neceflity for throwing 
in frelh lime. 

xii. But when the fcum ceafcs to appear, or you find 
from the tafte that the lime-water is not fo ftrong as it 
ought to be, you mutt then take out the plug from the 
bottom of the cittern, and clear it by fweeping away 
the grofs remains of lime: and after you have cleaned 
the cittern, begin your brewings of lime-water a-new, 
and proceed in the manner already direded, as to ftirring 
up the lime, and leaving it to fettle for the neceffary 
time, fo as to have your lime-water perfectly limpid. In 
this manner you may go on from year to year, and con- 
ftantly keep yourfelf in ftock with refpea to lime-water. 

xiii. It is this lime-water which is now to be ufed in 
making your ooze inftead of the plain common water 
and this is all the difference between the old and the 
new method of tanning; for when yonr ooze to pre¬ 
pared, by fteeping your bark in lime-water (ill the 
letches, as you do at prefent, only running it through 

two fetches) youdare to make 

: ' R2 ' c :,W 
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way that yon have hitherto ufed.the common ooze, there 
not being the leaft.variation required with refpedt to any 
of the previous management before the fkins or hides 
are fitted for the ooze. Every thing that relates to 
cleaning, liming, flefhing, Szc. is to be conducted pre- 
cifely as in the old or common method of tanning; and 
. the goods are to be worked in the handlers for the requi- 
lite time, and then laid away in the vatts, with layers 
and heading of bark, juft as you now pradtife; and when 
you obferve that the leather is fufficiently penetrated 
with the ooze, that is to fay, completely tanned, you will 
take it up, dry it, and afterwards drefs it according to the 
different ufes for which it is intended. You are always 
to obferve, however, that the ooze is to he turned from 
one letch on-another before it is ufed, otherwife it will 
be apt to blacken the leather. 

xiv. What has been hitherto faid relates only to butts 

andcalfffkins : as to foal-leather, which is prepared for 
the ooze by fteeping it in fome four liquor,, in order ta 
open its pores, and raife it (according to the tanner’s, 
phrafe) the new method requires a different pradice 
from the'old q.- ■ 

xv. In the old method, the tanners made ufe of four-* 
iiigs brewed generally from rye*. or. fome other grain; 

a but 
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"but thefe liquors are not only troublefome to brew and. 
to ferment, but they are always uncertain as to their 
degree of fournefs or ftrength, which depends on the 
Hate of the weather, and other variable circumftances y 
thefe liquors are moreover exceedingly apt to rot the lea¬ 
ther, and, without great care, may injure it very ma¬ 
terially in its texture. 

xvi. To obviate thefe inconveniences, you are to imi¬ 
tate the bleachers of linen, who make ufe s of a four 
prepared, by diluting the ftrong fpirit of vitriol (vulgarly, 
but improperly, termed oil of vitriol) with a fufficient; 
quantity of plain water. 

xvii. It was not without much difficulty that the 
bleachers could be prevailed on to quit their old four- 
ings, made either like yours of rye or barley, or of four 
butter-milk, from a groundlefs fear, that the vitriolic' 
fouring would corrode their cloth; but the experience of 
many years has convinced them of their error, and now 
no other fouring is ufed. In like manner the tanners 
at firft may feme of them be afraid to ufe the vitriol, but 
a little practice will fhew how far fuperior this fouring 
is to what they have hitherto ufed. They will neter 
find it fubjedt to any change in refpedt to ftrength from* 
variations of weather, or different degrees of Slide 
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■So far from tending to rot the leather, it gives tmufuaf 
firmnefs; and tne foals v/hiem me iailed by the vitriolic, 
louring are remarkably found, and always free from the 
flighted degree of rottennefs. Befides, the fame four 
may do for many parcels of leather, by adding a little, 
vitriol to it; and it need only be thrown away, when it 
' becomes too dirty for ufe, by the frequent fucceffion of 
hides. 

xvm. A wine pint of the ftrong fpirit of vitriol, 
which will not coll more than nine or ten pence^ is 
diffident for fifty gallons of water to prepare the fouring 
at firffc: therefore all you have to do, in railing the foals, 
is only to prepare them before-hand in the ulual way; 
and, when they are fitted for the fouring, mix up a quan¬ 
tity of vitriol and water, according to the number of 
hide's that yon require to have raifed, dill obferving the 
proportion of a pint to fifty gallons, which will be 
enough, if the vitriol be of the due degree of ifrength. 
The hides may lie in the fouring till you find them dif¬ 
fidently raifed, for they will he in no danger of rotting, 
as they would he in the common corn fourings, which 
in time might turn putrid, and rot the leather; whereas, 
the vitriolic fouring keeps off putrefaction. 

•, (*■) °*1 yitriof is fold : -<aaaifalaiBqe 

eight or ten gallons, 

xix. When, 
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xix. When you find your hides fufficiently railed, put 
them diredtly into the ooze, and go on with the tanning, 
as in the old way; and you will fee that the lime-water 
ooze penetrates raifed leather even fatter than it does 
butts or calf-fkins, allowance being made for their dif¬ 
ferent degrees of thicknefs. 

xx. Let it be now fuppofed that you have your cittern 
fixed, your lime-water prepared, and fome letches full 
of lime-water ooze, which has been, run through two. 
letches in. order that the lime-water may completely 
fpend its force on the bark; you are not to throw away, 
what common ooze you have in ftock in the yard, but 
only as it fhall be fpent; then, indeed, you are to throw 
it away, and fupply its place with the lime-water ooze. 

XXI. In a very few days you will perceive the difference 
between the activity of the two oozes, the new and old,, 
with refpeCt to penetrating the leather; and thus, with¬ 
out any kind of lofs or watte, you will get rid of all your 
old liquors, and come fpeedily into a full ftock of the 
ooze made with lime-water; and after you have got the 
tiew method eftablifhed, your bufinefs will go in a regu¬ 
lar courfe, and one parcel of goods will fucceed another, 
as faft as you can manufacture and dilpofe of them., 
xxii. Though it is poffible totari fmallparpelsof lea¬ 
ther, by way of experimentally th e life of lime-w^tef 
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.ooze, in a fourth part of the time which is required, if 
sonly common ooze be made ufe of; yet the bufinefs of a 
.large tan-yard cannot be carried on with fo much expe¬ 
dition: but even in large works, and in the common 
courfe of bufinefs, foal leather can be completely tanned 
and fi.niih.ed, in, from eleven to fifteen months, accord¬ 
ing "to the different weight and thicknefs of the hides. 
Putts in, from eight to twelve months, and calf-fkins in, 
from fix to twelve weeks; in general, the tanner may 
Lave at lead; a third of the time that has hitherto been 
required. 

xxiii. The leather, which is manufactured in the new 
way, is of a fuperior quality to that of the old tannage, 
efpecially the foal-leather, which wears remarkably well, 
and never fliews the lead; fign of rottennefs. 

* 'M' ■* 

xxiv. Let it always be remembered, that the lime- 
water is never to be ufed but when it is diffidently 
ftrong, and as clear as rock-water. 

xxv. Whenever you make freffi ooze, you mud; always 

ufe freffi lime-water, and run the ooze through two 
letches; and the lime-water ooze, when fpent, from lying 
on the leather, is never to be returned back upon the 
bark which is in the letches (as you now return your 
fpent ooze) but mud: always be thrown away, as being 
- • . . : "h , , -entirely 
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entirely ufelefs; for which purpofe you muft contrive a 
gutter in the tan-yard to carry off the fperit ooze. 

xxvi. The letches ought to be under cover, left the 
rain get into them and weaken the ooze, and if the 
handlers are fheltered, it will be fo much the better; but 
it is of no importance to cover the vatts, provided, when 
the leather is laid away in them, they are kept conftantly 
full to the brim. 


xxvn. You muft always take care to have a fufficient 
ftock of unflaked lime by you (for if it be flaked, it will 
not anfwer to make lime-water): therefore, get your 
lime frefli, if poflible, from the kiln, and immediately 
pack it in any kind of old dry calks. Weigh one of thefe 
calks, and it will enable you to aicertain the quantity of 
lime neceflary to be thrown into the ciftern each time 
you begin a frefli brewing of your lime-water, and 
thus fave you the trouble of repeated weighings; not 
that there need be much nicety about the quantity of 
lime, a fcore of pounds over or under making no fenfxble 
difference in the ftrength of the lime-water, 

xxviii. Any expence you may be at in procuring 
lime, which even in the largeft tan-yards can amount 
but to a trifle, will be amply compgpfated by the faving 
of bark; becaufe, that lime-water fo completely exhaufts 
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the bark, and makes it go fo much farther than when 
the ooze is made only of plain water. As a proof of this, 
you may make a pretty ftrong ooze from the tan or fpent 
hark, which you now confider as completely exhaufted, 
by infilling in it lime-water. 

Tanners, as they become acquainted with the new 
method, will find it perfectly eafy, and may no doubt 
make further improvements by experience. The fore¬ 
going diredtions were found fufficiently full for enabling 
a gentleman at Belfaft to carry on the bufinefs in an ex- 
tenfive way for thefe four years paft; and it is prefumed 
they will prove equally clear and intelligible to all other 
perfons in the tanning trade. 

Dublin, May the ift, 1777. 
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IX. Obfervations on the Population and Bifcafes of Ches¬ 
ter, in the Tear 1774. By J. Hay garth, M. D. 


Read Jan. 22, a * fadts afcertained in the following 

•**' tables prove Chelter to be healthy in 
fuch an uncommon degree, as will aftonifh thofe who are 
belt acquainted with the general Hate of mortality in 
large towns. In order to deduce fatisfadtory and ufeful 
conclulions from thefe fadts, it feems neceffary to de- 
fcribe a few peculiarities in the fituation of this city, 
which probably contribute to produce a falutary effedt. 
The intelligent reader will remark, in the following 
account, that the ftrudture of Chefter prevents, in an 
uncommon degree, two principal fources of difeafe, flag- 
nant moifture and putrefaction. 

Chefter is placed on a red, Candy, mouldering rock 
(faxum arenarium friabile rubrum) which forms a riling 
promontory, whofe fummit is elevated exadtly ope hun¬ 
dred feet above high water mark, and,forty feet above 
the adjacent country; from this point the ltreets defcend 
with a gentle declivity every way to the edge of the rock, 

'■ ■ ■$ a whence 
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whence there is a perpendicular fall of many yards from 
every part of the town. 

The loofe rock on which the town is built abfofbs 
moifture: for being cut into filtering {tones, water foon 
pafles through its pores. The principal llreets that meet 
in the centre of the city, are deeply excavated out of the 
rock, being funk fix or nine feet lower than the furface 
of the ground. By this ftru&ure the foundations of the 
houfes are kept perfectly dry, as the.llreets quickly drain 
off the water, and the rock abforbs all the remaining 
moifture. For thefe reafons the cellars in general are 
dry, a circumftance that greatly contributes to health. 
Stagnant water in a cellar is probably very often the un- 
fufpedted caufe of putrid difeafes: its pernicious influ¬ 
ence feems to refemble, in fome degree, that of bilge- 
water in a {hip. 

There is a form of building peculiar to Chefter, 
called the Rows, which are covered galleries that 
make a complete communication between molt of 
the principal ftreets. The Rows are always dry and clean 
even in wet and dirty weather; they moderate the heat 
of fummer, and the coldnefs of winter. Thefe uncom¬ 
mon advantages oftener tempt abroad perfons of a deli- 
cate and valetudinary conftitution, whether they be en¬ 
gaged in bufineis or amufemenf; by which they obtain 
1 ■ .' ■ . the 
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the benefit of frefh air and exercife, without incurring 
danger from catching-cold. 

The walls are near two miles in circumference, and 
furround the central part of the city: they are dry and 
clean immediately after the heavieft rains. The Rows 
form a dry communication with the walls from nearly 
every place within their circuit: their frequent afcents 
and deicents; their elevated, airy fituation, and varied 
profpedts; all contribute to render walking upon them 
peculiarly well adapted to preferve or reftore health.. 

The Dee, a large navigable river, divides a fmall part 
of the town from the reft, fkirts the lefs, and furrounds 
three quarters of the larger portion.. Where it makes 
this divifion, it falls over a caufeway, forming a widely 
extended cafcade, and then runs with rapidity down loofe 
rocks; the whole defcent is thirteen feet. The tide al¬ 
ways flows up to the town, where it rifes, on a medium, 
of fpring tides fifteen feet, the liigheft tides twenty-one 
feet: every new and full moon, about fix or eight tides; 
flow over the caufeway, and fometimes more than twenty 
miles above the town. Befides wafhing away the liquid, 
filth, which quickly runs into the river by a fhort courfe 
from nearly all quarters of the town * fthb * agit^lioh of 
the waters both by the cafcade and tides is prdfiably of 
farther fervice in purifying the atmofphere. qilk#, 
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The air of Chefter is uncommonly clear. In a regifter 
of the weather, kept for the laft four years, there were 
only fix foggy and thirty-two hazy mornings. In general, 
the atmofphere on the weftern is much clearer than on 
the eaftern Ihore of Britain, though more rain falls on 
the weft than on the eaft fide of the ifland. 

The modern refinement of manners, under the op¬ 
probrious name of luxury, is generally thought to be 
peculiarly definitive to health; but the true friend of 
mankind will candidly, and without prejudice, inquire 
into the fails which only can determine ills judgement 
on this important fubjeil. A large portion of the inha¬ 
bitants of Chefter enjoy, with temperance, the elegant 
refinements of life; yet no diforder, except the gout, can 
be peculiarly afcribed to this caufe, in the tables of 
difeafes for the laft three years, that is, no more than 
two deaths out of 1277. Bnt it is to be obferved, that 
refined manners here, as they generally do every where, 
entirely banifhifee deftru&ive excefles of gluttony and 
drunkennefsl ! It- is the large quantity, rather than the 
rich qu#ty,?> or exquifite flavour, of what we eat and 
drink, that is injurious to health. 

As the healthinefs of Chefter muft appear fo very 
extraordinary as to be almoft incredible, it is necelfary to 
declare, that the enumeration was made with all poffible 

: : care 
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care and fidelity y and that the errors are, for obvious 
reafons, rather on the fide of defedt than excefs, fo as to 
make the proportional mortality rather appear greater, 
not lefs, than the truth. Two facts may be mentioned in 
proof of this pofition. In 1772 the inhabitants of St. Mi¬ 
chael’s parifh were reckoned to be 618, and there cannot 
be the fmalleft fufpicion that there are fewer than this 
number; and yet by the fnrvey, Table v. they are only 
575. Again, the deaths, by fever, appear to be 35 from 
the parifli-regifiers, and only 28 from the fnrvey. I 
know no error on the fide of excefs, except in Trinity 
parifh, where a new ftreet has been inhabited only fix 
years. This circumftance will clearly occafion this dif- 
tridt to appear in Table vn. more healthy than the truth.. 

In efti mating the health of the diftridt which belongs 
to the Cathedral, becaufe it appeared fo very extraordi¬ 
nary, particular care was taken to afcertain the exadt 
truth. As fome of thefe houfes have not been built the' 
whole period included in this calculation, more than a 
proportionable allowance of de^h is made for this defi¬ 
ciency. :; ^ ■' .. 

In order to exhibit a juft and moft firikmg view of the 
health of Chefter,. efpecially the center, beyond other, 
places both of town and country, the reader is plrticu* 
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table. The feventh table is compofed by finding the 
proportion of inhabitants in the different parifhes fepa- 
rately and together- in the fifth, .to the burials for ten 
years recorded in the fixtli table. In the feventh table 
the mortality of whites in Jamaica is taken from Di. 
likd; of Liverpool and Manchefter from Drs. enfield 
and percival, who diredted particular lurveys of thofe 
towns; of the other places, both town and country, fiom 
Dr. price : fo that no fadts can be afcertained on npore 
refpeaable authorities. That the inhabitants of Chcffci 
fhould have near an equal chance of living to twice the 
age of the .inhabitants of Vienna, London, or Ldin- 
burgh; and that no large town, as far as inquiries have 
been hitherto made, fhould approach to a near ei pi opor- 
tion of longevity than as 28 to 40, are aftonifliing fadts. 
The center is by far the moft falubrious part of the city; 
'|||ayerage qf deaths within the walls is only 1 in 58, a 
degree df Iq^eyify much fhperjpi; to what in general is 
recorded even of the country. The parifhes which in¬ 
clude the fuburbs, vizi St. Ofwald’s, John’s, Mary’s, and 
Trinity, are of the largeft fi|^ a||?; comprehend many- 
central parts of the town which are undoubtedly as 
' healthy a? any of the reft, hut they alfo contain all the 
out-fkirts, which confequently be much more -un¬ 
healthy than appears to be-thegeneralfferage of deaths. 
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in thofe parilhes. It has been fufpe&ed, as a reafon why 
the central parifhes appear moft healthy, that more who 
die in the city may be buried in the fuburbs than the 
contrary; and, as a reafon why the whole town appears 
fo healthy, that more perfons who die in it may be 
buried in the country than the contrary; but on ftrict 
inquiry I can find no foundation for either fuppofition. 
The extent of the furvey both in each parifh, and in the 
town in general, correfponds with much exa&nefs with 
the extent of the regifter. However it mult be con- 
feffed, that there is one circumftance which makes the 
center appear more healthy than the luburbs, though it 
rather tends to prove the reverfe. The cential paiifhes 
have a fmaller proportion of inhabitants in the weakeft 
period of life, or under the age of 15. The number 
under 15 in thefe parilhes is 888; whereas, had it 
borne the fame proportion to the whole number that it 
bears in the town in general, it would have been 1067. 
But this confideration could only reduce the average of 
deaths from 1 in 58 to 1 in 55; fo that, making all due 
allowance of this account, the center is ftill proved to be 


remarkably the moft healthy. 

There is one probable caufe that renders the. fuburbs 
more unhealthy than the reft of the tq^rm A part of the 
putrid filth, which flows fiom the center to the circum- 
Vol. LXVIII. T ferencfe > 
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ference, ftagnates in the ditches of the fuburbs, viz. the 
Headlands, Barker’s-lane, Horn-lane, and Greg’s-pit, in 
John’s parifh; Fluckerlbrook and Cow-lane, in Ofwald’s 
parifh; Nun’s-lane and garden, Skinner’s-lane and Stye- 
lane, in Mary’s parifh; the.Sluices and the Rood Eye, in 
Trinity parifh. There is not one inftance of itagnant 
water within the city walls, except in Nun’s-lane and 
garden. As there is a fufheient declivity from all thefe 
ditches into the river, it would be a very eafy and moll 
falutary improvement to drain them perfectly, and feems 
highly to deferve the attention of our magiftrates. The 
ancients were particularly attentive to fuch regulations, 
as appears from a letter of the younger Pliny to Trajan. 
Amaftrianorum civitasy domine , et elegans et ornata , habet 
inter pnecipua opera pukherrimam, eandemque longi/Ji- 
mam plateam: cujus a latere per fpatium omne porrigitur 
nomine quidem flumen y re vero cloaca foedijfima: quaJicut 
turpky. et immundijjima afpeSlu y ita pejlilens ejl odore te- 
terrimo. Quibus ex caujis , non minus Jalubritatis quam 
decoris inter contegi. 

By the induction of numerous fads, two princi¬ 
pal lources of continued fevers have been difeovered, 
that is, the contagion of- human effluvia, and of marih 
.miaj>mata: the latter is d||hh^dilhed by frequently 
afliiming an intermittent type, or changing into a dy¬ 
sentery. It may be doubted, to which kind of pefli- 

, fence 
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lence the putrid ditches of towns belong. From this 
filth being chiefly of animal origin, and from the ab- 
fence of both intermittents and dyfenteries, even in their 
neighbourhood at Chefter, I fhould conclude that they 
produce the fame kind of fevers as human contagion : 
and yet. I doubt, whether the agues and dyfenteries of 
Edinburgh can probably be attributed to any other caufe, 
.unlefs the frequent fogs of that place, or miafmata from 
the north loch, and from the moift foundation of the 
houfes in the Cowgate, 8cc. where there was formerly a 
' loch, may be fuppofed to produce fuch an effedft. 

Another reafon of greater mortality in the fuburbs 
feems to be, that their inhabitants in general are of the 
lowed: rank: they want mdft of the conveniences and 
comforts of life: their houfes are final!, clofe, crouded, 
and dirty: their diet affords very bad nourifliment, and 
their cloaths are feldom changed or wafhed. Thefe parts 
of the town are fupplied lefs plentifully than the reft 
with water. The air they breathe at home is thus ren¬ 
dered noxious by refpiration and putrefaction. Thefe 
miferable Wretches, even when they go abroad, carry a 
poifondus atmofphere round their bodies that is diftin- 
gftifhed by a libifome and offenfive fmell, which is pecu¬ 
liarly difguftful even to the healthy and vigorous, ex¬ 
citing ficknefs and a fenfe of general debility. It cannot, : 
y ’ ' T a - therefore* 
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therefore, be wonderful that difeafes fhould be produced 
where fuch poifon is infpired with every breath. This 
noxious air is the moft frequent caufe of malignant fe¬ 
vers. In thefe poor habitations, when one perfon is 
feized with a fever, others ol the family are generally 
affected with the fame fever in a greater or lefs degree* 
This dreadful confequence is naturally to be expected,. 
as putrid fleams arifing from the difeafed body are added 
to the other increafing caufes that produce noxious air. 

If a regulation could be univerfally adopted of imme¬ 
diately removing out of the family fuch of the. poor, 
people as are feized with fevers, it is evident that the 
moft falutary confequences would follow. Reafonable- 
objections might be made to ceceiving fuch patients into 
the general infirmary, even into feparate wards, left the 
infection.fhould fpread through the, whole houfe, which, 
in a former paper on this. fubjeCt was proved to be 
healthy to an uncommon degree when compared with 
other hofpitals. But might not this and every other 
objection be. obviated by ereCling, on the ground 
which adjoinslandhelongs to the infirmary, a building, 
to be divided into fp^yipus, airy, feparate apartments, 
where, patients infeCted withihfpls, andproperly recom- 
mended,, might be received on any day of the week? Be¬ 
sides medical affiftance, they would, here enjoy clean. 

linen. 



Population and Difeafes of Chefter. 141 
linen, airy rooms, careful attendance, and wholefome 
diet. 

Towards the latter end of Auguft there appeared a- 
fever which from its frequency might he called epidemi¬ 
cal. It was preceded by fultry weather, and commenced, 
immediately after a ftrong gale of wind from the weft 
on the i7th,.fucceeded by eight fair days. It has been 
remarked by Dr, stedman,, that ftorms prevent epi¬ 
demics. I would: not alledge this as an inftance to refute 
the ingenious obfervation: but the want of rain during, 
and eight days after, the high winds, was perhaps the 
caufe why they produced a pernicious rather than a falu- 
tary effedt. The admirable difcovery of Dr. pb.iestley,- 
that water corredts and purifies air rendered noxious by 
refpiration and putrefadtion, makes this conjeaure ex¬ 
tremely probable., 

From the fifth table it appears, that this fever attacked. 
a85, and was fatal to 28, that is, to 1 in 10. It had the 
common fymptoms of malignant fevers produced by 
human effluvia, and particularly affedted the head with 
pain, giddinefs, and delirium. T.his fever attacked ,in- 
general the lowed,, few of the middle, and none (or only 
one), of the ; higheft rank. Among the poor, when 
one was ferzed, the reft of the family differed more or 
lefs, with like fymptoms; but in ,,nQ,-;ijtftanqe¥di^i 3 h||'; 
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marks of infection appear, even in the nurfes, where the 
patients enjoyed the comforts of clean linen and airy 
rooms. 

' Antimonials of various kinds were given at different 
periods of the fever. They rendered the pulfe lefs fre¬ 
quent in fome inftances, if reckoned immediately after 
the operation, but in very few cafes produced any lading 
abatement of fymptoms. After a full effedt of the anti¬ 
monials, the Peruvian bark was given in a confiderable 
quantity; but it neither abated nor aggravated the fever. 
The remedy of mod manifed fervice in this epidemic 
was topical evacuations from the head by leeches and 
blifters. 

From the fecond table it appears, that there were four 
fatal iodances of the puerperal fever in 1-774; a difcafe 
which frequently Occurred this year, though I had never 
before feen it in Cheder, during feven years pradtice. 

In making the general furvey of the town, particular 

^ # 1 ■ 1 , \ • 

inquiries were made concerning the proportional fatality 
of the natural fmall-pox, in order to demondrate the ad- 
vantages of inoculation, and to difcover at what age this 
operation fhould be performed that it may become the 
mod extenfively ■. 

deaths by the natural fmall-pox 
year is 1 to 1 and 7-1 oths. From the ddh t^ble it is evi¬ 
dent 


1 
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dent that 1060 have never had the fmall pox out of. 
14713 inhabitants, that is 1 in 14. 

The fadts recorded in Table iv. feem to determine the; 
age when children fhould be inoculated in order to re- 
cure the greateft poffible benefit to mankind. It appears- 
here, that under one month old not one died of the 
fmall-pox; that, under fix months old only 7 out of 
20a; and yet that above a quarter of the whole died; 
under one year old. My ingenious friend Dr. percival 
firft difcovered at Manchefter the fatality of the fmall- 
pox in early infancy, which induced him with much: 
candour and good fenfe to correct a former opinion on. 
this fubjedt founded on the greater fafety of Inoculation- 
in children a few years old. Indeed, where children can 
be fecured from all danger of the natural infection, the 
greater hazard to young infants from inoculation will be 
a fufficient reafon to defer the operation for three or four, 
years. The fmall-pox was fatal to 22 males and. 29 fe¬ 
males under one year old, that is, to feven more females.. 
This fadbconfirms what Dr. percival obferved at Man- 
chefter. The epidemic fmall-pox began near the fum-. 
mer, and almoft ended at the winter folftice, only 19, 
remaining ill of the difeafe in January 17 7 5, when the,, 
general furvey was taken. 

"... ; ■ ' ' : ; w* - ,: , ; 
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Dr. price, in his excellent obfervations on annuities, 
has adduced numerous facts to prove that women liv$ 
longer than men. Thefe tables afford many confirma¬ 
tions of the remark. There died this year, under 20 
years old 162 males and 149 females, that is, a majority 
of 13 males; 5a hufbands and 50 wives, that is two 
more hufbands; 28 widowers and 48 widows, which is 
only a majority of 20 widows; though by the general 
furvey, Table v. there are in Chefter 258 widowers and 
736 widows, or near three times the number. The total 
of males is 6697, of females 8016, hence there is 1319 
or nearly a fifth majority of females: it may not be im¬ 
proper alfo to obferve, that the women, efpecially in the 
higher and middle ranks of fociety, are remarkably 
bpmtiful. Thefe fa£ts clearly prove, that the manners 
and fituation of Chefter are peculiarly favourable to the 
female conftitution. 

Other obfervations may be deduced from thefe tables, 
which confirm, correct, or illuftrate, various queftions of 
importance to fociety. The number of married perfons 
in Chefter is 4881, of unmarried 9832, that is, nearly 
one-third is married, which is a common proportion. Up¬ 
wards of one-half of the inhabitants above 15 years old 
are or have been married, the proportion being as 4 to 7. 
Though Chefter is fo uncommonly healthy, yet this, 

' ' ' •' like 
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like moft other great towns, is unfavourable to popula¬ 
tion. Thus it appears, from the general bill for ten 
years, that, on an average, one marriage produces Ids 
than three children. One caufe of this fmall proportion 
is probably the want of manufactures, which might ena¬ 
ble the lowed: clafs of people to marry in earlier youth: 
taking the whole town, the number of perfons in each 
family is 4 and i-gd. The inhabitants under 15 years 
old are 4486, that is, more than a third. The proportion 
of deaths this year to the number of inhabitants is 
nearly at 1 to 27: this difference from the common de¬ 
cree of health is occafioned by the unufual fatality of 
the fmall-pox. Table hi. fhews that the greater mor¬ 
tality of the fummer than the winter quarter of 1774 
was occafioned by the epidemic fmall-pox, which began 
in July: yet ftill that winter and autumn taken together 
were more fatal than the fpring and fummer in the pro¬ 
portion of 326 to 220, that is, near one-fixth more died 
in the former than in the latter portion of time. 

There is a general prejudice in Chefter, that it is un¬ 
healthy to inhabit the Rows ph prejudice moft cleail) ic* 
futed by many of thefOrec.eding observations. The Rows 
run along the central ftreets, which include incompara¬ 
bly the moft healthy part of the town. ,f !. , n 
Vol.LXVIIL U * ; ' ' That 
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That the center is the molt healthy part of the city; 
that a lefs proportion die annually here than in molt 
country villages; and, as far as obfervations have hitherto 
been made, that it is probably as healthy as any fpot 
upon earth, are furprizing fa&s: yet thefc fads are 
clearly evinced by the united evidence of fix feparate 
diftri&s taken on a medium of ten years. Some conjec¬ 
tures, fupported by a few facts, are hazarded concerning 
the caufe of unhealth inefs in the fuburbs. Future ob¬ 
fervations of a like kind, in different fituations, will con¬ 
fute or confirm thefe conjectures, which, if true, may 
be of great importance to fociety by difcovering and 
avoiding the fource of difeafe. Towns divided and num¬ 
bered in feparate diftricts, compared with their rcfpective 
regiflers, and illuffrated with a defcription of every cir- 
cumftance peculiar to each, that may be fuppofed to in¬ 
fluence health, might, by a numerous induction of facts*, 
lead to a certain inveftigation of the caufe that renders 
towns fo generally unhealty. A diligent and fugacious 
attention to this fubject might produce a difcovery how 
to make towf|$. as healthy ais the country: a difcovery of 
the moft beneficial confequence in this age of elegant 
refinement which collects the greateft part of mankind 
into large towns. 
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TABLE HI. 

Total of Deaths. Deaths by Small-pox. 

46 ~ ~ January - - * - o 

Winter 107 ) 30 ~ - February - - - 1 > * -* Winter* 

I31 - — - March - — — oj 

25 - - - April - - - - 

Spring 90 \ 30 - - - May - ~ - - 3 > 6 " Spring. 

I35 - - - June - - - - 3 J 

£2, - - - July - - - 111 

Summer 130 i 53 - - - Auguft - - - 26 1 65 - Summer. 

1 45 — — - September 1 — — 28 J 

69 - - -* OSober — - r- >46 ^ 

Autumn 219J76 -* - November - - 441130 - Autumn# 

L 74 — — — December ~ - 40 J 

Total 346 Total 202 

Igitur faluberrimum ver eft: proxime deinde ab hoc 
hiems: perkulojior ajlas: autumnus longe perkulofijjimus* 

cels. lib. II. c. 1. 


TABLE IV. 


Deaths by the fmall-pox under one year old. 


4 * i ' ”*■ 

Males. 

Females, 

Total, 

Under x month r - » 

O 

- O 

O 

Between i and a months 

I 

I - 

2 

a and 3 « - 

- - 1 . 

O 

I 

3 and 6 - - 

- 2 

- 2 

4 

6 and 9 - - 

12 

- I O'' - 

a a 

9 months and 1 

year 6 

- 16' - 

22 


22 


Total 
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fhe numbers that die annually in the feveral parifhes, taken 
upon an average of ten years, viz. from the year 1764 
to 1773 inclujively, 

St. Mary’s, . . . . . 1 in 30 

Ofwald’s, . . . . . 1 in 36 

John’s, . . . . . 1 in 36 

Trinity, . , . . .. 1 in 41 

Michael’s, .... ... 1 in 50 

Olave’s, - . . . . . 1 in 55 

Bridget’s, . . . . .. 1 in 56 

Martin’s, . . . . - 1 in 59 

Peter’s, . . . . * 1 in 61 

Cathedral, . . . . 1 in 87 

The whole town, . . . . 1 in 40 

The parilh.es within the walls, viz. Michael’V 

Olave’s, Bridget’s, Martin’s, Peter’s, and Ca- . 1 in 5 8 
thedral, 
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proportionable number of inhabitants that die annually 
in the following places. 
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Country parifhes. 

Pais de vaud, . / . « 11043 

Country parifhes in Brandenburgh, . 1 in 45 

Others in Brandenburgh, . . 1 in 50 

A country parilh in Hampfhire for 90 years, 1 in 50 
Ifland of Madeira, . . . . 1 in 30 

JStpke Damerel in Devonfhire, for one year, x in 54 
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IX. An Account of fome EleBrical Experiments , by Mr. 

William Swift, in a Letter to John Glen King, D. D. 

F. R. S. — 

REV. SIR, Greenwich, 

* Jan, a6, 1778* 

‘Read Jan. 29. T BEG leave to lay befoter you an account of 
an eleCtrical apparatus, which I have con¬ 
trived, to fhew the different effeds of points and balls at 
the upper terminations of conductors, to fecure houfes 
and magazines of powder from damage by lightning. I 
have reprefented the clouds, which are added to my ma¬ 
chine, by interpofing three feet of water infulated, in- 
ftead of continuing the metal from the prime conductor; 
this I apprehend to be analogous to the natural clouds, 
though it is not in the leaft neceffary for the experiments 
I am firft going to mention, the refults of which are not 
affeCted by one method more than the other. 

The clouds being charged Hide on a frame with a 
graduated edge; and, as they pafs the length of the 
frame, they make five revolutions round their own axis; 
ffor they are reprefented by -a femi’^rd#, the radius of 
which is eighteen inches, 

... Vol. hXYHh ' ■ • ' 'X " 
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is nearly four feet and a half, and is 
formed with materials well covered with 
metal. I place three houfes, Handing in 
the Hate of nature (not connected with, 
the cu(Irion) at a certain diftance from 
the frame, and equally diftant from each 
other, as may be feen in the (ketch a, 
B , c, each houfe has a conductor, and is 
connected with magazines of powder, a, ■ 
b, c; the reafon for making the clouds a 
femi-circle is, , that when turned back 
they may be charged from the machine, 
without affecting, or being affeCted by, 
the points or balls on the. tops of the 



houfes a, b, and c ; and, by means- of their motion round' 
their own axes, I can increafe or diminilh at pleafure the 
velocity, which is afcertained by the graduated edge of 


the frame. I-fix an electrometer on one of the con¬ 
ductors of.the machine, and put points for the upper- 
terminations of the conductors of the houfes. 

Having thus prepared the machine, the femi-cireular 
cloucl being turned back, that is, within; the machine is- 
charged till the index of . the electrometer rifes upwards 
of 90°; the cloud being then put in motion, as it Hides' 
along the frame, revolves over the houfe a, with its 
length of 4-- feet; in its paflage it empties itfelf, the dec¬ 
s' trometer 
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trometer falling to o, but not the leaft explofion is per¬ 
ceived. The cloud then turning back in its progreffive 
motion in the frame, is charged again while it paffes on 
to B; at which point, by means of its motion round its 
axis, it revolves over the conductor b ; it empties itfelf, 
the electrometer falls, and no expiation is perceived: the 
fame thing happens in the paffage over the houfe c. 

The machine remaining 4 n the pofition as before, I 
place balls of a quarter of an inch diameter, at the upper 
terminations of the conductors of the houfes a, b, c, and 
with thefe balls, the experiments proceed almoft as be¬ 
fore; that is, the matter paffes off with a little buffing 
noife, and now and then it gives a flight explofion, the 
fmallnefs of thefe balls differing little from points; but 
when I place balls of three-quarters of an inch diameter 
inftead of the fmall ones, the cloud, every time it pafles 
over'them, makes one or more explofions, and fires the 
magazines h> c; and, notwithffanding that, the index 
of the electrometer does not defeend above 2/0 0 , and 
ftarts up again as fuddenly as it fell. 

If balls are fafer at-the upper ends of conductors than 
points, it fliould.follow, that the larger the balls are, the 
greater the fecurity; but from all thefe experiments I 
never found.-a Ihock with a point, and not al#afs with a : 


very fmall ball ; -but 


■■the',';electrical matter palfes off 
X a ' ■ "■ l$entlv 
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filently with the points, and fo entirely, that the electro¬ 
meter falls to 5°.. With balls a quarter of an inch dia¬ 
meter, indeed, it paffes off with a little hilling noife, but 
this feldom amounts to a Ihock: but with balls three- 
quarters of an inch diameter an explofion conftantly hap¬ 
pens, and the magazines are fired. 

To put this matter ftill more out of doubt, I place a, 
ball of nine inches diameter on one of the conductors, and 
the explofion is very violent, always more certain; and 
yet the machine does not difcharge itfelf, for the eleCtro-- 
me.ter falls not more than ao ? . 

The next experiment I make with the: water conduc¬ 
tor is, placing the, houfes a j b, c, in a negative ftate, by 
connecting, them with the culhion of the machine, or 
with the. outfide of a battery: when the cloud is charged. 
and pafies over the houfes, with points'at the upper end 
q^fthoh conductors,,there is no explofion;,the points 
feemto^aw.-off all the electrical,matter during the paf- 
fage of the clouds ofi four feet and a half long: but 
when, in this-pofition ofitfie houfes, balls of three-quar¬ 
ters of an inch, diameter-are ; placed inlfead of points, 
there is a fmall explofion, .and a cphfiderable rejiduum of 
tfie matter is left in the battery.;,: I then change the in- 
fulated water for wire to compleat the circle: on the 
callage. of the, clouds over ,the houfes there is a confi- 
4m - , *■ "^''""''deraMe 
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derable explofion, whether points or balls are the upper 
terminations of the conductors of the houfes; but no 
refiduum is left in the battery. 

Hence appears the difference of effeCt, whether the 
houfes ftand in a ftate of nature, or in a negative ftate; 
and whether the conductors be made complete with 
wire, or water infulated. 

I have by fixteen years practice been convinced how 
difficult it is to draw general conclufions from any elec¬ 
trical experiments, and therefore it becomes me to pro- 
pofe my conjectures with the greateft diffidence ; but, It 
apprehend, the refult of many experiments ffiew that 
points at the upper termination of conductors gradually, 
diminiih or draw off the electrical ' matter, fo as to pre¬ 
vent any damage to the buildings on which they are 
placed, by preventing a violent explofion; and that, on . 
the contrary, balls, though perhaps they will repel the 
eleCtrical matter in fome degree, yet from that very cir- 
cumftance, probably, the explofion, when it happens, is , 
violent, and attended with danger, 

I am, $t.c. 
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X. An Account .of .the IJlancl of Sumatra, &c. By Mr, 
Charles Miller. 'Communicated by Edward King, Efq, 


TO EDWARD KING, ESQ. 

Bcdford-row, 

DEAR SIR, December iz, 1777, 

'.Read Jan. 29, attention which has been paid by 

1778* 2 

the. learned world to the accounts 
lately publifhed of the iflands of the South-fea, has led 
me to think, that the inclofed account of the ifland of 
Sumatra, particularly of fome of its interior parts, toge¬ 
ther with that of the neighbouring ifland of Enganho, 
might not be wholly unacceptable. 

It is compiled from feveral letters of Mr. Charles 

1 ■»/ 1 y;." 1 "1 h , 

miller (fon of the late botanic gardener) now in the 
fervice of the Eaft India Company at Sumatra; and, as 
they were addrefled to different friends, without the moil 
diftant idea of their contents being communicated be¬ 
yond that circle, allowance muft be made for inaccura¬ 
cies of ftile and want of connection; for i was unwilling 
to attempt to fupply any thing that feemed wanting, 

judging 
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judging that authentic information is more valuable than 
the beft wrought tale. 

If you think this paper contains any thing likely to 
afford either information or amufement to the Royal 
Society, you will do me the honour to prefent it. 

I. am, 8ec. 

JOHN FRERE. 


ExtraBs from feveral letters from Mr. Charles miller- 
(fon of the late botanic gardener) now fettled at Fort 
Malbro’ near Bencoolen; giving fome account of that 
placet, of the' interior parts of Sumatra, and of a neigh¬ 
bouring ijland never known to have been vifited by any 
European. 

FORT MALBRO’ is fituated about a mile and a 
half to the South of the Malay town [Bencoolen] where 
the company- formerly had their factory; but removed,, 
from thence about the year 17.10,.oh account of the 
unhealthinefs of the place. -A-' 

The fort, from which the fettlement takes its name,, 
Rill remains in the fame Rate in which the French left jt y 
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in 17615 when, after taking the place, they thought it 

not worth keeping, and accordingly blew up the baftions, 

and deferted the fettlement. 

The houfes here are, alnioft all, built, cieled, roofed,, 
and floored, with a kind of reed called bamboo, and 
thatched with the leaves of the fage-tiee, and would all 
be called cottages in England, making a very mean ap¬ 
pearance. They are placed in no kind of order; rnoft of 
them are raifed from the ground on wood or brick pil¬ 
lars fix or eight feet high; within they are not much 
unlike a fet of rooms in a college, as they confift of one 
large room called a hall, out of which two doors lead, 
the one to a bed-room, and the other to an office or ftudy. 

The climate is. far from being fo difagreeably hot as it 
is; I'eprefented to be, or as one might expea from our 
vicinity to the line; the thermometer (of which I have 
kept a journal for a year paft) is never lower in a morn¬ 
ing atfix than 69°, or higher than 76°* At noon it 

88? ; and at 'eight b. M. from 7 of to 
7,8° or 8o°. I have once only feen it at 90% and in the 
Batta country,, immediately under the line, I have feen 
it frequently at fix a. m. as low as 6 i°. We have always- 
a fea-breeze, which fets in at about nine o’clock, arid 
continues to Sun-fet, and is generally pretty frefh: this 
tempers the heat fo much, that I have never been ineom- 

moded 
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moded by it (even in the mitlft of the day) fo much as I 
have frequently been on a fummer’s day in England. 
Rain is very frequent here; fometimes very heavy, and 
almoft always attended with thunder and lightning. 
Earthquakes are not uncommon; we have had one in 
particular, fince my arrival, which was very violent, and 
did much damage in the country. There are feveral vol¬ 
canos on the ill and; one within light of Malbro’, which 
almoft conftantly emits fmoke, and, at the time of the 
earthquake, emitted fire. 

The Englifh fettled here (exclulive of the military) 
are between feventy and eighty, of which about fifty are 
at Malbro’. They live full as freely as in England, and 
yet we have loft but one gentleman during the laft fix 
months; a proof that this climate is not very unhealthy. 

The people who inhabit the coaft are Malays, who 
came hither from the peninfula of Malacca: but the 
interior parts are inhabited by a very different peo¬ 
ple; and who have hitherto had no connexion with the 
Europeans. Their language and charadter differ much 
from thofe of the Malays, the latter tiling the Arabic 
eharadier; but all the interior nations which I have 
vifited, though they differ from one another in lan¬ 
guage, uife the fame clwadter. 

Vol. LXVffl, ' vd'-KlP 
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The people between the diftridts of the Englifh com¬ 
pany, and thofe of the Dutch at Palimban on the other 
fide the illand, write on long narrow Hips ©f the bark of 
a tree, with apiece of bamboo; they begin at the bottom, 
arid write from the left-hand to the right, which I think 
is contrary to the cuffcom of all other Eaftern nations. 
This country is very hilly, and the accefs to it exceed¬ 
ingly difficult, there being no poffibility. of a horfe going 
over the hills.. I was obliged to walk the whole way, and 
in many places bare-foot, on account of the fteepnefs of 
the precipices. The inhabitants are a free people, and 
live in fmall. villages called Doofans, independant of each 
other, and governed each by its own chief [Doopattee]. 
All of .them have laws, fome written ones, by which 
they punifh offenders, and terminate, difputes. They 
have almoft all of them, particularly the women, large 
dwellings in the throat,,fome nearly as big as a man’s 
head, but in general as big: as an oftrich’s ,egg, like the 
goitres of the Alps-, It is- by, them laid to be owing to 
their drinking a cold white water; I fancy it mull be 
fome mineral water, they mean. Near their country is a 
volcano: it is very mountainous, and abounds with fiul- 
phury and I dare fay with metals too,.,though no mines 
are worked here. If this diftemper be produced here by 
-this caufe, perhaps in the. Alpine countries it may take 

its 
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its origin From a fimilar one, and not, as has been ima¬ 
gined, from fno'w 1 -water: certain it is, there is no fnow 
here to occalion it. In almoft all the central parts from 
Moco-moco northwards, they find gold and. fome iron; 
but this diftemper is unknown there. I have met here 
with a rivulet of a ftrong fulphurated water, which was 
fo hot a quarter of a mile below its fource, that I could 
not walk acrofs it. 

The country called the Caffia country lies in latitude 
i° N. inland of our fettlement of Tappanooly: it is well 
inhabited by a people called Battas, who differ from ail 
the other inhabitants of Sumatra in language, manners, 
and cuftoms. They have no religions worfhip, but have 
fome confufed idea of three fuperior beings; two of which 
are of a benign nature-; and the third an evil genius, 
whom they ftile Murgifo, and to whom they ufe fome 
kind of incantation to prevent his-doing them hurt. They 
feem to think their anceftors are a kind of fuperior 
beings, attendant always upon them. They have no 
king, but live in villages [Compongs] abfolutely inde¬ 
pendant of each other, and perpetually at war with one 
another: their villages they fortify very ftrongly with 
double fences of camphire plank pointed, and placed 
with their points projecting outwards, and between thefe 
fences they put -pieces of bamboo, hardened by fire, and 
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likewife pointed, which are concealed by the grafs, but 
will run quite through a man’s foot. Without thefe 
fences they plant a prickly fpecies of bamboo, which 
foon forms an impenetrable hedge. They never ffir 
out of thefe Gompongs unarmed; their arms are match¬ 
lock guns, which, as well as the powder, are made in the 
country, and fpears with long iron heads. They do not 
fight in an open manner, but way-lay and llioot or take 
prifoner fingle people in the woods or paddy-fields. 
Thefe prifoners, if they happen to be the people who 
have given the offence, they put to death and eat, and 
their ikulls they hang up as trophies in the houfes where 
the unmarried men and boys eat and fleep. They allow 
of polygamy: a man may purchafe as many wives as he 
pleafes; but their number feldom exceeds eight. They 
have no marriage ceremony; but, when the purchafe is 
agreed on by the father, the man kills a buffalo or a 
horfe, invites as many people as he can; and he and the 
;woman fit and eat together before the whole company, 
and are afterwards confidered as man and wife. If after¬ 
wards the man chufes to part with his wife, he fends her 
back to her relations with all her trinkets, but they keep 
the purchafe-money; if the wife diflikes her hufband, 
her relations muff repay double the purchafe-money. 

A man deteaed in adultery is punifhedwith death, 
and the body eaten by the offended party and his friends: 

the 
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the woman becomes the Have of her hufband, and is 
rendered infamous by cutting off her hair. Public theft 
is all'o punifhed with death, and the body eaten. All 
their wives live in the fame houfe with the hulband, and 
the houfes have no partition; but each wife has her 
feparate fire-place. 

Girls and unmarried women wear fix or eight large 
rings of thick brafs wire about their neck, and great 
numbers of tin rings in their ears; but all thefe orna¬ 
ments are laid afide when they marry. 

They often preferve the dead bodies of their Radjas 
(by which name they call every freeman that has pro¬ 
perty, of which there are fometimes one, fometimes 
more, in one Compong, and the reft are vaflals) for three 
months and upwards before they bury them: this they 
continue to do by putting the body into a coffin well 
caulked with dammar (a kind of rezin): they place the 
coffin in the upper part of the houfe, and having made a 
hole at the bottom, fit thereto a piece of bamboo, which 
reaches quite through the houfe, and three or four feet 
into the ground: this ferves to convey all putridmoif- 
ture from the corpfe without occafioning any finell. 
They feem to have great ceremonies at thefe funerals; 
but they would not allow me to fee them. I faw feveral 
figures drefled up like men, and heard a kind of . 

a . ■v.' 



j 5$ Mr. miller’s Account of 

and dancing all night before the body was interred: they 
all'o fired a great many guns. At thefe funerals they kill 
a great many buffaloes; every Radja, for a confidence 
diftance, brings a buffalo and lulls it at the grave of the 
deceafed, fometimes even a year after his interment; we 
aflifted at the ceremony of killing the I o 6th buffiilo at a 


radja’s grave. 

The Battas have abundance of black cattle, buffaloes, 
and horfes, all which they eat. They alfo have great 
quantities of fmall black dogs, with ereeff pointed cars, 
which they fatten and eat. Rats and all forts of wiki 
animals, whether killed by them or found dead, they eat 
indifferently. Man’s flefli may rather he faid to be eaten 
in terror em, than to be their common food; yet they 
prefer it to all others, and fpeak with peculiar raptuies of 
the foies of the feet and palms of the hands. They ex- 
preffecl much furprize on being informed that white 
people did not kill, much lefs eat, their prifcners. 

Thefe people, though cannibals, received me with 
great hofpitality and civility; and though it was thought 
very dangerous for any European to venture among 
them, as they are a warlike-people, and extremely jea¬ 
lous of ftrangers; yet I took only fix Malays as a guard, 
but was efcorted from place to place by thirty, forty, and 

fometimes 
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fometimes one hundred of the natives; armed with 
match-lock guns and matches burning. 

It is from this country that moft of the caffia fent to 
Europe is procured; and ! went there in hopes of finding 
the cinnamon, but without fuccefs. The caflia tree 
grows to.fifty or fixty feet, with a item.of about two feet 
diameter, with a beautiful regular fpreading head; its 
flowers or fruit I:could not then fee, and the country peo¬ 
ple have a notion that it produces neither.. 

Camphire and Benjamin trees are in this country in 
great abundance; the former grows to the fize of.our 
larged; oaks,, and is the common timber in ufe: I have 
feen trees near one hundred feet high. Its leaves are acu¬ 
minated and very different from the camphire tree feen 
in the botanic gardens, which is the tree from which the 
Japanefe procure their camphire by a chemical procefs; 
whereas in thefe trees the camphire is found native in a 
concrete form. Native camphire fells here at upwards of 
300 £• per Gwt. to carry to China; what the Chinefe do 
to it, I cannot faybut, though they purchafe it at 
or 300^. they fell it again for Europe at about a quarter 
of the money. I. have never been able to fee the flower 
of the. camphire tree; fome abortive fruit I have fre¬ 
quently found under the trees, they are in a cup, like an 

y .7 ... . y y v .. 
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acorn, but the lac ini a calycis are four or five times longer 

than the feed, 

I have taken other journies into different parts of the 
interior country, never before vifited by any Europeans. 
Thefe journies were performed on foot, through fuch 
roads, fwamps, Sec. as were to appearance almoft impaf- 
fable. I have been hitherto fo fortunate as to meet with 
no obftru&ion from the natives; but, on the contrary, 
have been hofpitably received every where. Almoft all 
the country has been covered with thick woods of trees 
moftly new and undefcribed, and is not one-liundredth 
part inhabited. 

It is amazing how poor the Fauna of this country is, 
particularly in the mammalia and av.es, We have abun¬ 
dance of the Jimia gibbon of buff on: they are quite 
black, about three feet high, and their arms reach to the 
ground when they ftand erect; they walk on their hind 
legs only; but I believe very rarely come down to the 
ground. I have feen hundreds of them together on the 
tops of high trees. We have feveral other fpecies of the 
Jlmia alfo; but one feldom fees them but at a great 
diftance. The oerang oatan, or wild-man (for that is the 
meaning of the words) I have heard much t^lfc of, but 
never feen; nor can I find any of the natives here that 
have feen it. The tiger is to be heard of in almoft every 

part 
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part of this ifland: I have never feen one yet, though I 
have frequently heard them when I have flept in the 
woods, and often feen the marks of their feet. They 
annually deftroy near one hundred people in the coun¬ 
try where the pepper is planted; yet the people are fo 
infatuated that they feldom kill them, having a notion 
that they are animated by the fouls of their anceftors. 

Of tiger-cats we have two or three forts; elephants, 
rhinoceros, elks, one or two other kind of deer, buf¬ 
faloes, two or three forts of muftehe, porcupines, and 
the fmall hog-deer, almoft compleat the catalogue of 
our mammalia. 

Birds I have feen very few indeed, and very few fpe- 
cies of infedts. Ants, of twenty or thirty kinds, abound 
here fo much as to make it almoft impofftble to preferve 
birds or infedls. I have frequently attempted it, but in 
vain. 

I have met with one inftance, and one only, of a ftra- 
tum of foffil fhells. I had fome notion that it was an 


obfervation (of cond amine’s I think) that no fuch thing 
was to be found between the tropics. 

The ifland of Enganho, though fltuated only , about 
ninety miles to the Southward of Malbro’, was fo little 
known, on account of the. terrible rocks and breakers 
which entirely fnrronnd it, that it was even doubtful 
Vol.LXVIII. Z whether 
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whether it was inhabited: to this ifland I have made a 


myage. \ 
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it in the boat, and ordered the veffel to follow me as foon 
as poaibie, for it was then a dead calm. We rowed di¬ 
rectly into tllis bay; and as foon as we had got round the 
points of an ifland which lay off the harbour, we dif- 
covered all the beach covered with naked favages, who. 
were all armed with lances- and'clubs'; and twelve canoes 
full of them, who, till we had paffed them, had lain con¬ 
cealed, immediately ru fired out upon me, making a horrid 
noife: this, you may fuppofe, alarmed us greatly; and as 
I had only one European and four black foldiers, befides 
the four lafcars that rowed the boat, I thought it belt to re¬ 
turn, if poffible, under the guns of the veffel, before I 
ventured to fpea^ with them. In cafe we were attacked, I 
ordered the feapoys to referve their fire till tliey could be 
fure their balls would take effect; and then to take ad¬ 
vantage of the confufion our firing would throw the 
favages into, and attack them, if poffible, with their 
; y, v a . ‘ '."bayonets..' 
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bayonets. The canoes, however, after having ,plained 
■for a mile, or a mile and a half, luckily flopped a little to 
confult together, which gave us an opportunity to efcape 
them, as they did not care to purfue us out to fea. The 
fame afternoon the veffel came to an anchor in the bay, 

. and we were prefently vifited by fifty or fixty canoes 
full of people. They paddled round the veffel, and 
called to us in a language which nobody on board under- 
ftood, though I had people with me who undeiftood tiie 
languages fpoken on all the other illands. They feemed 
to look at every thing about the veffel very attentively; 
but more from the motive of pilfering than from cu- 
riolity, for they watched an opportunity and unfhipped 
the rudder of the boat, and paddled away with it. I fired 
a mufquet over their heads, the noifeof which frightened 
them fo, that all* of them immediately leaped into the 
fea, but foon recovered themfelves and paddled off. 

They are a tall, well-made people; the men in ge¬ 
neral about five feet eight or ten inches high; the wo¬ 
men fhorter and more clumfily Built, They are of a 
red colour, and have ffraight, black hair, which the jjaen 
cutTOOrt^ Buf thefVomen let grow long, and f off dpill a 


.-circle 1 ort the top of their heads very neatly.;; 'The men 
go entirely naked, and the women wear nothing mare 
than a very narrow flip of plantain leaf. The men 

Z 2 always 
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always go armed with fix. or eight lances, made of the 
wood of the cabbage-tree, /which is extremely hard; they 
are about fix feet long, and topped with the large bones 
of fifh fharpened and barbed, or with a piece of bamboo 
hardened in the fire, very fharp-pointed, and its concave 
part armed with the jaw bones and teeth, of. fifh, fo that 
it would be almoft impoflible to extract them from a 
wound. They have no iron or other metal that I could 
fee, yet they build very neat canoes; they are formed of 
two thin boards fewed together, and the foam filled with 
a refinous fubftance. They are about ten feet long, and 
about a foot broad, and have an outrigger on each fide, 
to prevent their over-fetting. They fplit trees into boards 
with ftone wedges* 

Their houfes are circular, fupported on ten or twelve 
iron-wood flicks about fix feet long: they are. neatly 
floored with plank, and the roof rifes immediately from 
the floor in a conical form, fo as to refemble a flraw bee¬ 
hive; their diameter is not above eight feet. 

Thefe people have no rice, fowls, or cattle, of any 
kind: they feem to live upon cocoa-nuts, fweet potatoes, 
and fugar-canes. They catch fifh, and dry them in the 
fmoke; thefe fifh they either ftrike with their lances, or 
catch in a drawing net, of which they make very neat 
ones, ■ 

...■They 
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They do not chew betel, a cuftom which prevails uni- 
verfally among the Eaftern nations. 

I went on Ihore the day after the vefiel anchored in 
the bay, hoping to be able to fee fomething of the coun¬ 
try, and to meet with fome of the chiefs. I faw a few 
houfes near the beach, and went towards them; but the 
natives flocked down to the beach, to the number of. 
fixty or feventy men, well: armed with their lances, 8cc. . 
and put themfelves in our v r ay; yet, when we approached . 
them, they retreated flowly, making fome few threaten¬ 
ing geftur.es. , I then ordered my companions to halt and-; 
to be well bn their guard, and went alone towards them: 
they permitted , me to come amongft them, and I gave 
them, fome knives, pieces of cloth, and looking-glades, . 
with all. which they feemed well pleafed, and allowed me 
to take from them their lances, &c. and give them to 
my fervant,' whom I called to take them. Finding them 
to behave civilly, I made figns that I wanted to go to their 
houfes and eat with them; they immediately fent people 
who brought me cocoa-rnuts, hut did not feem to approve 


of my going to their .houfes: however, I determined to 
venture thither, and feeing a path leading towards tl||nff,, 
I Went forward attended by about twenty of them, who, 


as foon as we had got behind fome trees, which pre¬ 
vented my people feeing us, began to lay violent hands 

6 . 'Ilsllk 
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oirroy cloaths, and endeavour to pull them of/; but hav¬ 
ing a iraall hanger, I drew it, and, making a llroke at 
-the moft officious of them, retreated as fait as pofli- 
ble to the beach; Soon after we heard the found of 
a conch-fhcll; upon which all the people retired, with all 
pofiible expedition, to a party of about two hundred, who 
were aflembled at about a mile diitancc. It was now 
near Sun-fet, and we were near a mile from our boat; 
and, as I was apprehenfive we might be way-laid in our 
return if we if aid longer, I ordered my people to return 
with all poffible fpeed; but full went to the houfes the 
natives had abandoned, and found them ftripped of 
.every thing; fo that I fuppofe this party had been 
amufing us while others had been employed in remov¬ 
ing their waves, children, &c. into the woods. I intended 
to have attempted another day to have penetrated into 
the country, and had prepared my people for it; but the 
.inconfiderate refentment of an officer, who was lent with 
me, rendered my ichemc abortive. He had been in the 
boat to fome of the natives who had waded out on a reef 
of rocks and called to us ; they had brought fome cocoa- 
nuts, for which he gave jneces of cloth: one of 

them feeing his hanger lying befide him in the boat, 
fnatched it and ran away ; upon which he fired upon 
them, and purfued them to fome of theirhoufes, which, 

‘y k; '• finding 
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finding empty, he burnt. This fet the whole country in- 
alarm ; conch-fhells were .founded all over the bay 7 , and 
m the morning we law great multitudes of people ahem- 
bled in different places, making ufe of tlireatening- 
geftures; fo that-finding it would be unfafe to venture' 
among them again, as, for want of underftanding their 
language, we could not come to any explanation with 
them, I ordered the anchor to be weighed, and failed out 
of the bay, bringing away two of the natives with me. 

I11 our return home my defire of feeing fome yet un¬ 
explored parts of the ifland of Sumatra, occafioned me 
to order the veflel to put me on Ihore at a place called 
Flat Point, on the Southern extremity of the ifland, from - 
whence 1 walked' to Fort Malbrob In this journey 1. 
underwent great hardfhips, being fometimes obliged to 
walk on the fandy beach, expofed to the Sun, from fix in 
the morning till fix at night, without any refrefhment; 
fometimes precipices to alcend or defeend, fo fteep that 
we could only draw ourfelves up, or let ourfelves down, , 
by a rattan; at other times rapid rivers to crofs, and then 
to walk the remaining part of the day in wet cloatlis. 
The confequence of thefe hardfhips has been a violent 
fever; but, much as I then regretted having quitted the • 
Ihip, I had, when I came to F&t Malbro’, iriore reafoh to . 
rejoice; for I then found, that the veffel, fo her. voyage 
"ff .'c w-fvffhkhome,, 
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home, was loft, and every four on board perifhcd. This 
has, however, been a fevere ftroke upon me; for as I 
was obliged to leave all my baggage on board, it being 
impracticable to carry it over land, I loft all my deaths, 
books, fpecimens, manuferipts, notes, arms,' 8ec. from 
Enganho; in lhort,.almoft every thing which 1 had either 
brought with me, or collected during my refidcnce in 
this ifland. 

-1 forgot to mention, that when I was at Tappanooly I 
Taw what I find in purchas’s Pilgrim called the wonder¬ 
ful plant of Sombrero : his account, however, is fomewhat 
exaggerated, when he fays it bears leaves and grows to 
be a great tree. The name by which it is known to the 
Malays is Lalan-lout, that is, fca-grais. It is found 
Tandy bays, in fhallow water, where it appears lik 
flender ftrait ftick, but, when you attempt to touch 
immediately withdraws itfelf into the land. I coula 
never obferve any tentacula: a broken piece, near a foot 
long, which, after many unfuccefsful attempts, I drew 
out, was perf^y^ait and uniform, and refembled a 
worm drawn over a knitting-needle; when dry it is a 
coral. 

The fea cocoa-nut, which has long been erroneoufly 
confidered as a marine production, and been To extremely 
fcarce and valuable, is now difeoyered to be tbs fruit of 

a palm 
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a palm. with, flabelliform leaves, which grows abundantly- 
on the fmall iilands to the Eaftward of Madagafcar, 
called in our charts Mahi, Sec. and by the French Les 
IJles de Secbelles. To thefe iilands tbe French have fen 
a large colony, and planted them with clove and nutmeg- 
trees, as they have likewife the iilands of Bourbon and 
Mauritius. 
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XII. A Meteorological Diary, Sec. kept at Fort St. George 
' in the Eaft Indies. By Mr. William Roxburgh, Affif- 
tant-jurgeon to the Hofpital at the/aid Fort. Commu¬ 
nicated by Sir John Pringle, Bart. P. R. S. 


Head Jan. 29, npHE manner in which I keep my me- 
l,u ' •*- teorological obfervations is as follows: 
A thermometer without doors; a barometer and ther¬ 
mometer within doors: the barometer and thermometer 
within doors are kept clofe together, for the fake of cor¬ 
recting the barometer if required. I obferve them three 
times a day, as per diary. I alfo fet down the direction 
and ftrength of the wind, and the Rate of the weather. 
1 diftinguifh four degrees of ftrength of the wind; 
namely, gentle, bride, ftormy, and what we call a tufoon 
in India, which you will find marked with the numbers 
1, 2, 3, and 4, befides no fenfible wind, which is marked 
with a cypher. 

I am afhamed to fay, that the rain-gage I had during 
the rainy feafon was fo indifferent, that I could not with 
any degree of certainty meafure the quantity of rain that 

fell 



Mr. Roxburgh’s Meteorological Diary, See. i8t 
fell here. I have now got a tin cylinder, 5-^ths inches in 
diameter, or 16^ths inches in circumference, and 30 
inches deep: the quantity of rain that falls 1 intend to mea- 
fure with a fcale divided into inches and twentieths of an 
inch; the depth fhall be fet down every morning if it 
has rained. I have it placed on the roof of my houfe, 
which is about twenty-five feet high ; at a confiderable 
diftance from any other building, Sec. except the hofpi- 
tal, which is diftant about one hundred yards, and of the 
fame height; no trees above twelve feet high within 
many hundred yards. 

The thermometer without doors I have placed under 
a fmall fhady tree, through which the Sun cannot pene¬ 
trate, at the fame time it is well expofed to air and wind. 
Every inch on the fcale of the barometer I ufe is divided 
into twenty equal parts; it is a portable one, made by 

RAMSDEN. 

The tube of the thermometer without doors is twelve 
inches long, placed upon a plain open box- wood fcale, 
made by nairne and blunt. 
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Nov. 1 

18 

78 

80 

30 00 

I 

E 

Fair. 


2 

8S 

83 

30.00 

2 

ESE 

A few clouds. 


10 

79 

80 

30.00 

I 

E 

Fair. 

2 

18 

77 

80 

30.00 

I 

E 

Fair. 


2 

84 

84 

29.19 

2 

NE 

Fair. 


1 I 4 

. 78 

. 81 

30.00 

I 

NE 

Fair. 

3 

l8' 

76 

80 

29.19 

i 1 

W 

Fair. 


2 

85 

84 

29.19 

2 

N 

Fair. 


IO 

78 

81 

30.01 

1 

N 

Fair. 

4 

. IB 

74 

78 

30.00 

1 

N 

Cloudy. 


2 

8S 

83 

30.00 

2 

N 

Cloudy, threatens to the NE. 


IO 

79 

81 

30. CO 

2 

N 

Cloudy. 

5 

; 18 

73 

80 

30 00 

3 

N 

Cloudy, begins to rain hard. 


2 

73 

76 

30.00 

1 

MW 

Hard rain. 


9 

79 

7» 

30.00 

1 

NE 

Rainy, very dark. 

6 

► 18 

73 

78 

29.19 

1 

MW 

Cloudy, 


2 

81 

79 

29.19 

2 

N 

Cloudy* 


IO 

77 

78 

29.18 

2 

N 

Cloudy, 

7 

18 

71 

76 

29.19 

1 

NW 

Cloudy, rained hard in the night. 


2 

74 

79 

29.19 

2 

N 

Cloudy, frequent hard (hewers* 


IO 

73 

77 

29.18 

2 

N 

Cloudy, ditto, very dark. 

8 

38 

72 

76 

29.17 

1 

W 

Cloudy, ditto. 


• 3 

75 

75 

29.16 

1 

NW 

C loudy, ditto. 


IO 

7 1 

1 74 

29.17 

2 

NW 

Cloudy, very dark. 
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Barom. 


NTov. 9 18 
2 

10 
10 18 


11 10 

3 

11 

12 18 

2 


10 
16 18 


3 

l l 

19 18 
2 
11 

2017I 
2 
10 
21 18 
2 


7* 74 

76 76 1 

74 76 ! 

72 7 6 

82 79 

76 78 

74 an 

79 00 

79 79 

73 77 

77 77 

75 7 s 

74 82 

83 80 

78 79 

75 79 

76 E 9 

79 80 

78 80 

77 79 

82 81 

79 81 

76 80 

84 82 

79 82 

7 c 80 

83 84 

78 8x 

77 80 

82 84 

77 81 

70 79 

82 82 

85 80 

74 7 6 

82 82 


80 80 


29.17 

29.16 

29.17 

29.18 

29.17 

29.19 

29.18 

29.18 

29.19 
29.18 

29.18 

29.19 
30.00 
30.00 
30.00 
30.01 
30 02 
30.00 
30 01 
3O.OO 
3O.OO 
30.01 
30 01 
30.00 
3O.O2 
30.0 1 
30 OO 
30.01 

| 30.00 
30 OI 
30.02 
3OOI 
3O.OO 
3O.OI 
30.01 
30.°! 


Winds, 

Str. 

Points, 

1 

NW 

1 

NW 

0 


0 

1 

sw 

1 

SE 

0 


1 

NE 

0 

1 

sw 

0 


0 

- - 

1 

E 

1 

SE 

O 


2 

NE 

0 


I 

NE 

O 

I 

NE 

I 

NE 

J. 

NW 

I 

•NE 

I 

NE 

I 

NW 

I 

N 

I 

N 

I 

N 

I 

NE 

I 

N 

I 

NW 

1 

,N 

I 

N 

I 

N 

I 

N 

I 

• NW 

I 

N W 

2 

N 


State of the Weather* &c. 


Cloudy* frequent hard {bowers. 
Cloudy* looks threatening. 
Cloudy* lightning. 

A few clouds, a great dew on the grafa. 

Cloudy* fmall rain at times. 
Clear. 

A dark clofe morning. 

Hazy. 

Some clouds. 

A clofe* rainy morning. 

Cloudy* has rained all forenoon. 
Fair. 

Cloudy, a great dew. 

A pleal'ant fea breeze. 

Fair. 

A little hazy, and black to theNE. 
Juft beginning to rain hard. 

Fair, rained only about 30'. 

Fair. 

Fair, a great dew. 

Kair. 1 

Fair. 

Many heavy clouds at a diftance. 
Fair, 

Some clouds. 

Cloudy. 

Fair. 

Fair. 

Fair, much dew. 

Fair, 

Fair, 

F air. 

Fair* 

Clear, 

Cloudy. 

Hazy. 

Some clouds. 

Some clouds*. 

Some clouds. 
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Winds* 

State of the weather, &c. 


£ O 

a Sfi -£ 

g b 

> .jd 

3 .tS f 

73 t 

S'? 

Jarom. - 
5 

,tr. I 

5 oints. 

1776 

Nov.23 

24 

2 -S 

26 

27 

28 

• 29 

s c 

Dec. 1 

; / 

< 

l8 

2 

IX 

l8 

3 

x.o 

18 

1 

12 

18 

1 

9 
18 

2 

12 

1 

10 
18 

3 

11 
> 18 

I 

10 
: 18 

ai 

10 
a 18 
1 

II 
3 18 

1 

5 18 

1 

10 

6 .18 

2 

10 

77 

80 

78 

71 

80 

77 

71 

81 

76 
70 

82 

77 

70 

81 

73 

71 

82 

77 

70 

82 

77 

70 

82 

77 

70 

1 go 

77 

70 

82 

s? 

70 

82 

72 
82 

77 

70 

82 

76 

80 

80 

80 

77 

81 

80 

78 

81 

80 
78 

81 

80 

77 

82 

81 

77 

82 
80 

78 
8.3 
80 

77 

82 

80 

77 

81 

80 

7 ° 

81 

50 
77 

83 

73 

82 
80 

7 «9 
82 

51 

3°*°3 

30.01 

3°*°3 

30.02 

30.01 

3° 02 

30.02 
30.02 
30.01 
30.01 
30.01 
30. 01 
30.01 
30.01 
30.02 
30.00 
.30.01 
20.01 
30.00 
30.01 
30.01 
30.01 
30.01 
30.01 
30.01 
30.00 
30.01 
30.01 
30.01 
30.01 
30.0c 
30.0c 
30.03 
30.03 
30.03 
30.03 

3°.°3 

30.0^ 

2 

2 

2 

I 

I 

I 

I • 

I 

I 

I 

1 

2 

I 

I 

I 

1 

2 

2 

I 

I 

I 

I 

1 

2 

I 

1 

2 

*1 

I 

I 

> I 

> I 

; 1 

: 2 

[ 2 

[ 1 

E 2 

l 2 

N 

N ' 
N 

NW 

NE 

N 

NW 

N 

N 

NW 

NE 

N 

NW 

NE 

N 

NW 

N 

N 

NW 

N 

N 

NW 

NE 

N 

NW 

NNE 

N 

N 

NE 

N 

NW 

NE 

N 

N 
. N 
W 
N 

N 

Cloudy, dark, and threatening. 
Cloudy, {till gloomy. 

Hazy, with feme clouds. 

Cloudy, little or no dew for fame morn, paft. 

Cloudy. 

f Cloudy, at f paft 8, two flight 

1 fhocks of an earthquake. 
Cloudy. 

Cloudy. 

Fair. 

Fair. 

Fair. 

Fah*. 

Fair, a great dew. 'j 

Fair. | 

A little hazy. j 

A few clouds and greatdew* ! 

Fair. 

Some clouds. 

Fair;. 

Fair. 

Fair. 

Fair,. 

Fair. 

Fair. 

Fair. 

Fair. 

Cleats 

Fain 

Fair. 

Fair. 

Fain 

Fain 

Some clouds* 

Some clouds* 

Some clouds. 

Some clouds* 

.Fair. , 

Fair. , , J 
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•1 

a 
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Winds. 

State of the weather, &c. 
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a 

P £■ 

2 rS -o 

3 *r* 

4 IS 

arom. ***** 

s 

tr.lP 

oints. 

1776 
Dec. 23 

, 24 

25 

26 

27 

28 

29 

3 ° 

3 1 

1777. 
Jan. : 

< 

17 

3 

9 

x8 

I 

Z 

II 

I 9 

1 

19 

2 i 

11 
18 

2 

9 
18 

2 

11 
18 
, a 
11 
. 18 

1 

11 
; 18 

11 

[ 18 
3 

2 22 

3 11 
4. 18 

1 

10 

5 18 
1 

5 18 
1 

66 

79 

75 

68 

80 

74 
68 

81 
69 
80 

75 
66 
80 

76 

o 9 

80 

75 

69 

79 

75 

75 

79 

72 

75 

79 

72 

76 

80 

80 

76 

74 

82 

73 
82 

75 

82 

80 

77 

79 

80 

77 

81 

78 
80 

76 

80 

79 

77 

81 

79 
78! 
81 

78 

77 

79 
79 

78 

79 

79 

7s 

80 

77 

76 

82 

76 

75 

80 

75 
181 

30.01 

30.00 

30.01 

30 01 

30.01 

30.02 

30.02 

30*01 

30.01 

30.00 

30.02 

30.00 

30.00 

30.01 

30.01 

30,01 

30.02 

30.02 

30.02 

. 3°*°3 
30,02 
30,02 
30.03 
30.03 
30.02 

1 30.02 

30,02 

30,02 

39*°3 
30,0,3 
00,0; 
39.0 c 
30.01 
30.0 c 

30*0^ 

3 °*°c 

3 °*°: 

I 

I 

I 

I 

I 

I 

I 

1 

O 

2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 

2 

2 

1 

2 

2 

2 

I 

; I 

1 1 

S 1 

I * 

f- * 

I 1 

; 2 

5 1 

5 a 

N 

NE 

NNE 

NW 

NE 

N 

SIN W 
NE 

N 

N 

NNW 

N 

NNE 
NW 
ENE 
NE 
NW . 
NE 
ENE 
N 

NNE 

N 

NNE 

NNE 

N : . 

NE 
NE 
N 
NE 
N 
NE 
' NNE 
N 

N 

N- 

NNE 

Fair. 

Fair. 

Fair. 

Fair, a little dew. 

Fair. 

F air. 

Fair. 

F air. 

Fair, much dew. 

A few clouds. 

Fair. 

Fair. 

Fair, 

Cloudy, 

Fair. 

Fair. " 

Fair. 

Fair. 

Fair. 

Fair. 

Cloudy. 

Fair. 

Cloudy. 

Cloudy, rained hard in the night. 
Fair. 

A few clouds. 

A few clouds. 

Fair, 

Fair, found my out therm, broke. 
Fail".*' 

Fair. 

Fair. , 

Fair. 

Fair. 1 .. 

Cloudy, at 10 barometer at 30 

Fair. ” ( - 

Fair. 
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gi 

S.S 

B-fl 

a ’S 


Winds. 

State of the weather, &c. 


U 0 

a * * 

fi f 

<L> 3 
£j ^ 

Barom. 

Str. 

Points. 

*777 
Jan. 7 

8 

9 

10 

11 

12 

J 3 

14 

1 5 

16 

17 

, 4 *9 

gc 

21 

JO 

12 

,20 

2 

10 

18 

1 

11 

18 

2 

11 
18 

1 

18 

1 

10 

18 

5 

JO 

j 8 

3 ! 

12 . 
xS 

2 

1 

IQ 

x8 

A 

0 

II 

> 18 

3 

[ 19 
10 

1 18 
1 

,, 10 

82 

74 
70 - 
81 

75 

81 

75 
70 
80 
70 

82 

76 
72 
80 

74 

70 

80 

74 
69 

81 

75 

7 1 

? 8 

69 

81 

77 

70 
81 
70 

74 

68 

81 

74 

79 

80 

73 

80 

77 

73 

80 

77 

73 

80 

77 

73 

79 

72 

,79 

77 

76 

80 

7 ? 

§0 

77 

73 

81 
80 

78 

75 

77 
73 

78 
77 

2 s 

So 

76 

77 
73 

79 

_I± 

30.01 1 

3 °* 01 

30,02 

30.01 
30.02 
30.01 
30.02 
30.01 
30.01 
30.01 
3O 02, 
3O.OI 
3O.OI 
30.01 
3O.OO 
30*01 
3O.OO 
30.00 
30.00 
3O.OI 
3O.OO 
30.01 
30.01 
30.00 
30.02 
30.02 
30.01 
30.02 
30.03 
30.01 
30.01 
30.00 
30.00 
30.01 
30.Q1 
30,00 
30.01 
30.01 

X 

X 

l 

1 

l 

l 

X 

I 

I 

I 

0 

I 

I 

0 

I 

I 

I 

I 

I 

: 1 

I 

I 

I 

I 

I 

I 

1 

2 

I 

I 

I 

: I 

X 

I 

I 

0 

X 

I 

NNE 

NNE 

NNW 

NE 

N 

NW 

ENE 

NW 

NW 

E 

NW 

E 

SE 

E 

W 

SE 

SE 

S 

E 

SE 

NW 

E 1 
E 

NE 

N£ > 

NN# 

NW 

E 

E 

NW 

E 

NW 

E 

NE 

•• NE' 

J Fair, A different barometer, a ml 9 miles W. 

1 on a yjfing pound. 

Fair. 

Fair, 

F air. 

Fair* 

Fair. 

Fair* 

F air. 

Fair, 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair, j 

F air. 

Fair. 

Fair* 

Fair. 

Fair. 

Fair, 1 • 

Fair* ■ ' ' ; 

Fair* , : : ' j- 

Fair*' 1 ■ 

Fair, . 

Fair. . 1 1 ^ 1 

Fair. j .-■* /,, 

Fair. j ."t-’; j, \ ; 
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23 

18 

2 

e 

i* 

74 

79 

30.01 

30.01 

I 

I 

NW 

N 

Fair. 

Fair. 


i° 

74 

76 

76 

3Q.ox 

I 

N 

Fair. 

24 

*9 

74 

30.01 

I 

NE 

Cloudy. 

2 

84 

81 

30.01 

I 

NE 

Fair. 


10 

78 

78 

30.03 

2 

N 

Fair. 

25 

0 

84 

8l 

3°*93 

2 

NE 

Fair. 

xo 

78 

79 

3°-°3 

2 

N 

hair. 

26 

19 

76 

78 

3°*°3 

2 

NE 

Fair. 


1 

84 

82 

3°-°3 

2 

NNE 

Fair. 


10 

78 

79 

30 04 

I 

NE 

Fair. 

27 

19 

74 

78 

3°-°3 

2 

N 

Cloudy. 

3 

82 

81 

30*02 

2 

N 

A few clouds. 


JO 

77 

77 

3°- 6 3 

2 

N 

Hazy. 

2$ 

18 

70 

76 

3°*°3 

X 

NW 

Fair. 


2 

86 

80 

30.03 

I 

NE 

Cloudy. 


XO 

74 

— 

——■ ! 

0 

NW 

Fair, in the country about 6 miles W. 

i 2.0 

l8 

68 

__ 

-- 

I 

Fair. 

7 

IO 

72 

_- 

.— 

I 

NE 

Fair. 

3 C 

x8 

65 


— 

0 

- - 

Fair* 

2 

81 

■■■V 


I 

ENE 

Fair. 


xo 

75 

— 


0 

— 

Fair* 

3 ! 

18 

66 

—— 


I 

NW 

Fair* 

2 

83 

—. 


2 

NE 

Fair. 


IO 

74 

— 

— r 

I 

N 

Fair* 

Feb. 1 

: 18 

70 

.. 

.— 

I 

NW 

Fair. 

2 

81 

r .— 



N£ 

Some clouds. 


8 

73 

r-n . i 


, * 

s NNE 

Fair. 

/ 

* 18 

68 



O 

-.— 

Fair. 


1 

81 

— 


I 

NE 

Fair* 


xo 

72 

_ 


I 

N 

Fair*" 


3 18 

65 



I 

N 

Fair. 

i 

5 10 

73 

— 


I 

NW' 

Fair. 

i 

5 18 

67 

, _ 


,■ ,, I 

NW 

. Fajr, , \ 


10 

75 

— 


,, ! 1 

NE 

Fair. 

t 

7 18 

, 6 7 

J - 

__ 

0 


Fair. ,■ 


2 

82 

— 

—^ 

I 

NE 

'FW» . ' i . 


, 10 

72 

— 

-—— 

0 
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io 73 
:o i 3 67 
2 8a 
10 75 

ii 18 68 

a 82 
10 72 

j 2 18 65 

o 84 

9 69 

13 18 65 

I 86 

10 71 

14 18 64 

1 86 

10 70 

15 18 63 

9 7 1 

16 19 69 

I 83 

10 70 

17 18 67 

I 84 

II 70 ; 

18 18 64 

1 83 

10 72 

19 18 67 

1 83 

10 74 

20 18 67 

75 


30.01 1 

30.01 1 

30,01 1 


Pair, 

Fair, 

Fair, 

Fair, 

Fair. 

Fair. 

Fair. 

Fair, 

Fair. 

Fair. 

Fair, 

Fair, wind came round by the S< 
Fair, 

Fair, 

Fair, wind came round by the S. 
Fair, 

Fair. 

Fair. 

Fair. 

Fair, 

Fair, 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair. 

Fair, p r“' 

Fair. In town again. 

Fair. 

Fair. 
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At the end 
of Oftober. 

November, 

December, 

January, 

February, 

Fevers, ™ — 

6 

8 

7 

18 

14 

Liver, -— 1 — 

7 

9 

16 

8 

20 

Liver Cough, — 

5 

7 

6 

5 

6 

Liver Flux, — 

9 

I 4 

18 

4 

2 

Fluxes, moftly of the belly. 

*9 

x8 

28 

35 

16 

Fever and Flux, —- 

2 

— 

7 

2 


Rheumatifms, — , 

a 9 

25 

J 7 

32 

22 

Abdominal obftrufiions. 

39 

23 

12 

5 

8 

Dropfy, — 

2 

I 

I 

I 

2 

Epilepfy, — 

— 

— 

5 

2 

2 

Peripneumonia vera. 

I 

— 

— 

— 

— 

Gravel, — 

4 

3 

I • 

5 

6 

Cough, pedtoral complaints. 

2 

3 

4 

4 

- 

Accidents *—■ 

I 

5 

5 

6 

5 

Diforders of the eyes. 

I 

2 

2 

2 

2 

Piles, — — 

2 

3 

4 

2 

- 

Ruptures, * 

I 

2 

2 

2 

j 

- 

Nervous cafes, — 

I 

j 

I 

3 

2 

2 

Fifiula, — 

2 

1 

j 

- 

- 

Rheumat* pains without fores, 

I 


' - 



V enereals, — 

42 

3 2 

41 

46 

S 3 

Intermitting fevers. 


X 

3 

- 


-Diabetes, ^ — 

- 

1 

2 

*- 

S | 

i 

r\ 

i 


2 

X 

- 

- 

Surgical patients, "■ — 

' 22 

21 

20 


■ *5 

Anomalous, — 

: 5 ; ^ 

11 

9 

8 

V. 4 r .: 

Total, - — 

2°3 

*93 

215 

206 

>84 i 
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XIII. Experiments upon Air, and the effeSs of different 
kinds of Effluvia upon it ; made, at York. By W. 
White, M. D. F. S. A, Communicated by John 
* Fothergi.il, M. D. F. R. S. 


Read Feb. 5 , r pHE experiments of which the follow- 
I 77 8 * X j n g are on iy a part, and which I pur- 
pofe at my leifure to purfue farther, were originally 
undertaken with the defign of afcertaining the ftate of 
the common atmofpheric air in and about this city. But 
in order to form a juft idea of this, it feemed to me ne- 
ceflary to find, by exacft experiments, the real effe£ts of 
the different kinds of effluvia upon air, efpecially fuch 
as are in a natural ftate conftantly mixing with the at- 
mofphere^ and to the effects of which all refpiring ani¬ 
mals are conftantly expofed; fuch are thofe from animal 
and vegetable fubftances, and from different kinds of 
foils. As the refult of thofe inquiries appeared-to me not 
only curious, but! in a medical view very interefting, I 
am in hopes they may be acceptable to the Royal So¬ 
ciety. 

21 


It 
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It may not be amifs to premife a fhort defcription of 
the foil and fituation of this city. 

It is for the 1110ft part built upon a morafs; this is 
more particularly the cafe in the part of the city fituated 
to the Eaft of the river, which is much the largeft, The 
Poll to the Weft of it is more of a fand or clay. Itis divid¬ 
ed into two unequal parts by the navigable river Onze, 
Tunning from N.W. to S.E. Its .fituation is in the middle 
of an extenfive vale, well cultivated, and drained in gene- 
-ral; not is it kept very raoift and unveiitilatedby numerous 
thick woods. We have no very high grounds near us, 
hut at fome miles diftance, efpecially to the N. and E, 
•are high hills of great extent, called the Wolds. To the 
South there is a gradual defcent down to the Humber. 
Our waters are in general hard: we have one or two 
Tprings of exceeding pure, foft water. Some of our 
fprings contain a confiderable quantity of various neutral 
■falts) efpecially the magnefia and Glauber’s falt,fo as to be 
purgative: we have two or three pretty ftrongly chaly¬ 
beate. The higheft ftate of the barometer in the three 
laft years was 3o’.58; the loweft; 28.20. thermometer 
in the fhade, higheft, 81; loweft, 8. Having no Om¬ 
brometer, fhall only ohferve ih regard to raitt; that in 
17 7 4 we had 193 days in which more or lefts rain-fell; 
iti" 17 7-5, 232 days; and, in the laft year,. 24o,.;.,.. j||y' ■ 
Vol. LXVIII* C -c t 
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Befidesthe navigable river Ouze, we have a brook called 
the Fofs, which, rifing about twelve miles Eaftwards of the 
city, runs towards it, and, wafhing the caftle walls, emp¬ 
ties itfelf into the Ouze. This dream, after floods and in 
winter, overflows a large quantity of land, which in funir 
mer and autumn becomes an often five,. {linking morafs, 
almoft furrounding the Eaft part of the city. The un? 
healthfulnefs of the evaporation from fome hundred 
acres of {linking mud, is farther increafed by its being 
made a receptacle for all kinds of naftinefs;. in this re-r 
fpedl we are more remifs than our anceftors. This has 
been its Hate many ages: leland thus fpeaks of it, 
Fqffa amnis piger t inftar Jlagnantis aqua collecla ex pluvid 
et terra uligine, originem habet 8 cc.” In the thirtieth year 
of edward the third, before the king at York, divers 
perfons were punifhed for ere£ting pore aria [hog’s-ftyes] 
upon the banks of the fofs: and in henry the fourth’s time 
the throwing in of dung and other naftinefs into the fofs 
was forbid tinder the feyere fine of one hundred pounds, 
as we find in drake’s Eboracum . This was all done for 
the prefervation of the fifty; I with it was now attended 
to for a more important purpofe. The draining of it has 
been fome. time in agitation, the utility of which is 
QbviOUS.. ■ 
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The apparatus ufed in making the following experi¬ 
ments is very fimple; and, though lefs oftentatious, may 
perhaps be more accurate than more complete inftru- 
ments. Firft, a veffel full of water, of a proper fize and 
figure. Secondly, a common barometer tube of a large 
bore, fo that an ounce phial full of air, being introduced 
into it, occupied at a medium 134 decimal parts of an 
inch; and upon a further addition of an half-ounce phial 
of nitrous air, 205: this tube is graduated by inches and 
decimals. Thirdly, -glafs funnels, with necks of fuch a 
fize as to enter the tube. 

The air, the fubjedl of the experiment, was conveyed 
into the tube, by means of the glafs funnel, under water: 
the nitrous air is then added to it by the fame method. 
The fpace occupied by them both, immediately, upon 
mixture, is noted down, as alfo the time by a watch: 
after Handing the appointed time (half an hour, except 
where it is mentioned othefwife) the fpace then occupied 
is marked down, which being deduced from the firft 
gives the refult of diminution fought for: for example, 
an ounce phial of air from a putrid plumb, with the ad¬ 
dition of half of nitrous air, took up the fpace of 195 
(part of the firft being abforbed by the water in its paf- 
fage through it); after half an hour, ftill 19 53 fa that no 
■di min ution following, it was known to be mephitic. 

' ; ' , . C*C2 ' bAuguft 
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Auguft 30th, the fame quantity of the air of my gardeny 
with the nitrous,, occupied 205;, after half an hour it:; 
was diminiilied to 145, which being deduced gave 60,,. 
the ftate of the air that day; and fo of the reft.,. 

The medium ftate of the air of the, atmofphere,. 
in upwards of two hundred experiments, was 6o° or, 
61V 

exp. 1. Sept. 13th, it was in the worft ftate I e.ver ob-- 
ferved it, 58°, the barometer being 3 Q. 3 o,. thermometer 
69% with a calm, dear fky,, wind S.E. air dry. and ful~. 
try, no rain having fallen for above a fortnight j on the, 
lame day we had a flight.fliock of an earthquake. 

EXP.. 11. Sept. 20th,. much rain falling, barometer; • 
30,00, thermometer 60% wind being South, it was 6 3 0 . 

exp. m.,The next day,.Sept. 2 r, .a high wind cleared 
the air, barometer 29.50, thermometer 5,2-°, the air was, 
64°. It was the fame Oct, 5, the wind high and Wefterly.. 
Thai was the pnreft I .ever-obferved, 

exp. iv., I have only, obfcrved it fd good as 68” ift. 
three inftances,.. Auguft 16, Sept. 20,.and 29; thefe were 
all fhowery days*, with a brifk wind. 

exp. v. As to the-influence of the different winds , 
upon one atmofpheric air,., my experiments are as yet too, 
few to, afcertain iu„ Iffa.ve. generally found it the pureft: 
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during Wefterly winds, and the.worft when it blew From 
the Eafterly points. 

exp. vi. The difference of the air a little way out of 
the city, from that in the city itfelf, is perceptible enough. 
Auguft. 9th, .the air of the city was 59% beyond the city 
walls 62?. On the nth of the fame month, the firft 
was 6o°, the laft 62°. 

exp. vii. Common air being briikly agitated with- 
water forhalf an hour, was found to be made worfe. In. 
one experiment it was reduced from 59 0 to 57°pin ano¬ 
ther, from 6i° to 59 0 ; in a third, from 6 t° to 57 0 ; in a, 
fourth, from . 6 2 0 to 5.8°. Air obtained from glazier’s 
putty by the. nitrous acid was meliorated by the fame 
procefs. 

In order.to find the effects of animal exhalations upon: 
air, the following experiments were made. 

exp..viii i The air. of my bed at night I found to be' 
62°, the next morning it was reduced to 58°; this was 
feveral times repeated. . The diminution here will appear' 
very ojafiderable, upon obferving, that it was the effect : 
of the breath, ,.8 eg; of a fingle perfon, in a large, airy - 
room* tlteil^^i^ains^always.'-ofen, except on: the fide ■ 
facing tke window, which is quite open to large gardens*,» 
as&never ftnt with:cuj?tain& If fully theunwhole^w 
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foraenefs of fmall rooms, clofe beds, &c. efpecially in 

difeafes. 

Eli?- ix. Some air which I had refpired as long as 
could be without manifeft inconvenience, was by it re¬ 
duced from 62° to 40°. This illuftrates the preceding 
experiment. 

exp. x. A fmall piece of frefh veal was put into a 
phial containing eight ounces of common air, and buf¬ 
fered to remain therein twenty-four hours: the fLefli was 
then perfectly fweet, but the air was much injured, be¬ 
ing diminilhed from 64° to 55. Being left together 
twenty-four hours longer, the air was reduced to xo°, 
or rendered nearly mephitic; yet the flelh was not putrid, 
only duelling rather faint and rnufty. 

It is evident from hence, that fomething had efcaped 
from the flelh, whilft yet void of any putrid fmell,fo as to 
render the air very noxious: I fuppofe this effluvia to be 
pure phlogifton. Hence it feems, that this principle is 
capable of riling, per /r, uncombined with the faline 
part of animal bodies, the union of which is fuppofed to 
give .the putrid fmell. It proves Sir john Pringle’s fup- 
pofition, that phlogifton, when lingle, is imperceptible 
to the ijneU j but I think it alfo fhews it to be peftilen- 
tial. In our fexpeiithents it was devoid of fmell, confe- 
qnently contained no mixture of volatilized acid; yet it 

had 
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had the common property of all putrid effluvia, that of 
rendering common air noxious. 

exp. xi. Air taken from within a privy was found in 
feveral experiments to be equally good with the common, 
atmofpheric air. One trial only gave a different refult; 
here the external air being 62°, that of the privy was 
only 6o°. 

The refult of thefe experiments was contrary to my 
expectation, and I was not fatisfied without making feve¬ 
ral trials. Sir john pringle obferves, that the faces hu- 
mana are, perhaps, in a natural ftate little if at all in¬ 
fectious. Thefe experiments confirm the juftnefs of his 
fuppofition. The recent excreta of a perfon in perfect 
health are here underftood; in putrid difeafes they mull: 
neceflarily partake of the general ft’ate of the fyftem, 
and become very noxious and infectious. 

exp; xn. The following experiments- were made to 
difcover the effects of vegetable effluvia upon air. They, 
were put into- a phial of air, containing eight ounces*, 
immediately after being gathered out of my garden ^ 
the time of ftanding together half an homy except in a 
few cafes;particularly noticed. 
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Flowers of Ulmaria, diminifhed it from 
'Ten-week Stocks, 
Mignionette, 

Calendula vulgaris, 

French ditto, 

Nafturtium indicum, 
■Carnations, 

Tree primrofe, 

Antirrhinum, 

Leaves of Sage 

Thyme, 

Mint (common) 

’ ’ Ditto (pepper) 

Parfley, * * • 


6 3 to 52, 
■63 to 53 
60 to 54 
60 to 54 
6° to 55 
60 to 5.5 
60 to 56 

60 to 56 
6 0 to 57 
6 x to 55 

61 to 56 
61 to 57 
61 to 57 
61 to 57 


It is evident from thefe experiments, that vegetables, 
when frefh and vigorous, exhale a noxious matter in 
eonfiderable quantity, which quickly renders common 
air noxious. This is moft remarkable in the flowers, 
next in the leaves, and this in proportion to their firm* 
nefs and texture. 

exp. xiii. In the laft experiments We have faid, that 
the air only ftood in contact with the vegetables half an 
hour; let us fee here what effedt a longer time of ftand* 
mg together rhay have, viz. 16 hours* 

Flowers 
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a 03 

Flowers of Ulmaria diminiflied it from » 60 to 3 

Ten-weeks flocks, . . 60 to 1 

Leaves of Sage, . . . . 61 to 9 

The vegetables were at the end equally fweet as when 
fir ft gathered and put into the phial of air. 

Thefe fafts are very curious, interefting, and con¬ 
vincing. It is amazing, that vegetables, whilft f'refh and 
free from the leaft degree of putrefcency, fhould have 
fuch a noxious tendency as to -fpoil the air, and render it 
not only ufelefs but fatal to animal life, and that in lb 
Ihort a time. 

We have here a ftriking example of the neceflity of 
faithful experiments: by them alone we can add cer¬ 
tainty to fcience, and develop nature in her moft fecret 
and abftrufe operations; and as fire is unchangeable in 
herfelf, every difeovery extorted from her is immutable. 
For want of attention to this laborious but foie method 
of coming at truth, it is a pretty general opinion in the 
world, that even rotten vegetables are little noxious: and 
a late author, whom I only mention becaufe his book is 
pretty generally read, in a chapter upon putrid fevers 
and infection, exprefsly fays: “ The effluvia of rotten 
“ vegetable matters have little effedt in contaminating 

Vol. LXVIII. D d “the 
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“ the air; from fome experiments it appears, that they 
“ pofiefs rather an antifeptic virtue.” 

We know,however,by fatal experience, that both ani¬ 
mal and vegetable fubftances, when in a corrupted hate, 
are the obvious fources of the moft dreadful and alarm¬ 
ing difeafes, from the mildeft putrid fever up to the plague 
itfelf. Sir john pringle gives us an inftance of the jail 
or hofpital-fever, caufed by the infedtion of a gangrened 
limb. A dreadful fever was caufed at Venice by a quan¬ 
tity of corrupted Mi ; and at Delft by putrid cabbages 
and other vegetables. Many inftances of this kind may 
be brought, by which countries have been almoft depo¬ 
pulated. 

„ h , 

But it is no wonder that animal and vegetable matter, 
when in a Bate of abfolute corruption, fhoukl be preg¬ 
nant with fuch dreadful effedts. Inftindt leads us to fly 
from the danger when we perceive the cadaverous fmell. 

The ninth, tenth, twelfth, and thirteenth experiments 
demonftrate, that our fenfes are by no means capable of 
diftinguifhing infedtion, nor, by warning us of the dan¬ 
ger, of leading us to avoid it. They fliew, that both animal 
and vegetable matter, when perfedtly frefh, fweet, and 
devoid of putrefcency, exhales fome what of a very noxious 
nature,, inducing a putrid ftate in the living body, which 
proves deftrudtive to animal life. 


I 


Hence 
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Hence I do not hefitate to declare, that in jails, hofpi- 
tals, and other crowded places, we ought not by any 
means to eftimate their wholefomenefs by the abfence of 
difagreeable fmells alone. The principle of difeale may 
lurk therein unperceived by our limited fenfes. The 
method ufed in thefe experiments is the only true one by 
which we may judge with fome degree of fafetv. 

The crowding together of a number of men in camps, 
hofpitals, jails, lick rooms, &c. will prefently generate a 
moft malignant and infectious fever; and in a very Ihort 
time, efpecially if the place be clofe, unventilated, and 
the weather hot, the moll fatal effects will follow. Of 
this we have a moll remarkable example in the affair at 
Calcutta. 

Mr. holwell and one hundred and forty-five more 
people, in perfect health, were, by order of the vice-roy, 
flmt up in a place of confinement, at feven o’clock in the 
evening. The place was 18 feet by 18 feet, containing 324 
fquare feet, fo that there was a fquare for each perfon of 
a inches by 12 inches, which was fufficient to hold 
them without prefling violently upon each other. The 
weather was extremely fultry, and the place of confine¬ 
ment having only one fmall grated window to the Weft, 
the air within could neither circulate nor be changed. In 
lefs than an hour after their being inclofed, many ofithge 

D d a unhappy 
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unhappy people were feted with violent difficulty of 
breathing, feveral were delirious, the place was fifed 
with incoherent ravings, exclamations, and cues o c i - 
trefs: the cry of water, water, was predominant; it was. 
handed to them by the centinels, but had no effedt in 
eafln? their thirft. Before eleven o'clock many were fuf- 
focated, or died violently delirious. By twelve o’clock 
all that furvived, except a few at the grate, were to the 
higheft degree phrenetic and outrageous; they now 
found no relief from water, but air could not be pro¬ 
cured. Soon after, thofe at the grate grew fo mfenfible,. 
that we have no account of what happened till they 
were releafed from their confinement at fix o’clock next 
morning. Such was the effefts of animal effluvia in a 
clofe and unventilated place in the fpace of eleven hours, 
that, out of one hundred and forty-fix fouls, no more 
than twenty-three came oiit alive, and thofe in a high, 
putrid fever, of which, however, by frefh air, 8cc. they 


gradually recovered. 

In all confined places, in proportion to their airynefs, 
wefindmore or lefs of this. In hofpitals, though the wards 
may give no marks of it by any apparent dirtynefs or 
difagreeable fmell, we may observe its effects; difeafes 
which ufually admit in private practice of an eafy cure, 

are often very tedious, and apt to afihme anomalous 

fymptoms. 
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fymptoms. Healthy perfons, admitted- for the cure of 
recent wounds and other, accidents, foon become pale, 
lofe their appetite, and are generally difeharged weak 
and emaciated, but foon recover by the benefit of frefii 
air. In fome hofpitals the cure of a compound fra&ure 
is rarely feen; in private pradtice, and a pure air, fuch 
cafes feldom fail. Such and many more are the effedts 
of bad air, which, though not virulent enough to caufe 
a putrid fever in its more malignant form, is yet fuffi- 
eient to excite it to fuch a degree as to undermine the 
conftitutions of the patients, and render the diforders, for 
which they were admitted, anomalous, tedious, and 
fatal. 

We have demonfirated, that the effluvia of vegeta¬ 
bles, even whilft perfedtly fweet and freffl, are equally 
poifonous with thofe from animal fubftances. The vege¬ 
tables were feparated from their parent plant, confe- 
quently not in a growing or vegetating ftate. 

exp. xiv. Being defirous of finding the effedts of 
effluvia from ripe fruit upon air, fix ripe goofebersies- 
fiiced were inclofed fixteen hours in a phial with eight 
©uncesmf cothtoon air: the air being then put to the refi* 
was found to be diminifhed from 6 to 40 0 .. 
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Hence it appears, that frefh fruit have, in com¬ 
mon with other vegetable matters, a great power in pol¬ 
luting the air, and rendering it noxious. 

exp. xv. In order to find whether any part of the 
pernicious effects of vegetables upon air in the twelfth 
experiment might be owing to their odorous particles, 
the following experiments were made. In eacli, the 
quantity of inclofed air was eight ounces; the time of 
Handing together fixteen hours. 


i o grains of Mufk dimini fired it from 
"Camphor, 

Affa-foetida, 

, Saffron, 

T3 I 

Opium, 

jS L Vol. Sal. Ammoniac. 



63 to 62 
63 to 62 
62 to 62 
62 to 62 
60 to 58 
60 to 58 


Mufk and camphire were feledled as examples of 
effential oils; the fxrft of the animal, the fecond of the 
vegetable clafs. The affa-foetida as an inftance of the 
foetid odour; opium of the narcotic. Saffron, from its 
mode of preparation, is incapable of corruption whilft 
kept dry, and could give nothing but pure odour. The 
volatile fait was an example of the volatile odour. 

Hence we find, that pure odour has little, if any, 
effedfc in polluting the air. For where any difference 

occurred, 
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occurred, it is fo fmall, that I attribute it rather to fome 
little inaccurracy in condudting the experiment. Nor 
did I think it neceffary to repeat the trials, being fatisfied: 
that their poifonous effedts in the twelfth and thirteenth, 
experiments were not in the leaft owing to their odour,, 
but to their organized ftrudture, tending to difloiution. 
from the time they are deprived of nourifhment; fucb 
is the perfedt agreement between vegetable and animal: 
fubftances. 

It is demonftrable from hence, that the filling of 
rooms with nofe-gays and bunches of flowers is by no 
means a fafe pradtice, efpecially in clofe rooms or fick. 
chambers; their effluvia are of fo noxious a nature as 
quickly to render the air unfit for the purpofes of refpi* 
ration, and cannot fail of having bad effedts upon fick. 
and valetudinary people in particular.- 

But it is alfo evident, that the odorous parts of vege^ 
tables, when feparated by art from the putrefcent, areby 
no means hurtful. Hence, except in particular confti* 
tutions, or in cafes where their ftimulus may be hurtful,., 
they may be fafely ufed as agreeable odours, and to ob¬ 
viate the fmell in fick rooms, &c. The volatile alcali, as* 
Sir john pringle obferves, appears in this view perfedtly 
kmocent. 
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What is here faul is understood of plants gathered 
and feparated from the roots. Dr. priestley difcovered 
a different property in them when in a vigorous, grow¬ 
ing ftate, they then abforb from the atmofphere; but 
this ceafes with their life, they then exhale putridity,, 
and liaften to diffolution. 

We come next to another, not lefs curious and impor¬ 
tant, part of our experiments; the effects of the effluvia 
from moift, marfliy, and other kinds, of foils, upon air. 

This fubjedt, as particularly connected with our art, 
regarding the endemic difeafes of different countries, 
and a plentiful fource of the moft dangerous difeafes, 
has much employed the attention of phyfidans and phi- 
lofophers. The nature of miafmata is, as far as I know, 
as yet but imperfectly underftood ; hence general una¬ 
nimity of opinion is not to be expected: nor can a per¬ 
fect coincidence in the refult of experiments be at once 
attained, efpeciaMy if made by perfons With, different 
views, and under the influence of different ideas and 
perhaps prejudices. 

In order to attain truth, we muff take faithful experi¬ 
ments, made wdthfedulous obfervation, for our guides; we 
ihall find them to reflect mutuallight and truth upon each 
other. Thus we gradually lift up the veil of nature, and 
become acquainted with her genuine form; nor let us 

imagine 
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imagine her ways to be infcrutable; it was merely 
through ignorance that the ancient Egyptians covered 
Ids with a veil, making her declare that no mortal could 

lift it up. 

exp. xvi. The air over the river Ouze was conftantly 
purer than that of my garden by two or three degrees. 

exp. xvii. The fame was obfervable in the air over 
the fofs. This was at a time when, in confequence of 
floods, the current was pretty rapid, all the mud and 
marfhy ground being covered to a confiderable height 

with water. 

I next tried what effe£t the fame waters might have upon 
air, when confined together. Two ounces of the water 
was put into an eight-ounce phial, fo that there were fix 
ounces of air; being corked up, they were fuffered to 

ftand together fixteen hours. 

exp. xviii. The air from the Ouze water was equally 
. good as at firft; and this in feveral experiments. 

exp. xix. The fame was the refult in the fofs water. 
It was perfectly free from mud, yet not fo clear as the 
river, water, and had fome of the lens palujir is fwimming 

in it. ^v : 

Hence we find, that the air was not any way polluted 
by landing over the furface of water. Perhaps if longer 
time had been allowed in the nineteenth experiment, 
Vob. LXVIII. Ee |?!'® e 
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the lens palujlris might have grown putrid, and hurt the: 


air. 

exp... xx. Some of the fofs water was next tried; for 
foul as to depofit a muddy fediment upon handing. 

In one experiment the air was reduced from 62° to ■ 
5.8°; in another, from 62° to 57 0 ; in a third, from 6o° 
to 56°.. 

exp. xxi. It has been obferved by thofe phyficians. 
who have had the rnoft opportunities of being ac¬ 
quainted with the difeafes peculiar to low, ilagnant, and 
fenny filiations, that they feldom begin to appear until : 
the water is fo far evaporated, that the black and flimy 
mud begins to appear. In order to know this, the fol¬ 
lowing experiments were made.:. 

Two ounces of the black blinking mud of the fofs was • 
put into the eight-ounce phial of air; being clofed, they 
were buffered.to remain together twelve hours. The air 
in twelve trials being put to the teft, the refults were as. 
follow.. 

In feven experiments the air was reduced from 62° to 
34 0 ; in three, from 62° to 36°; in two.others, from. 60®. 

tO 35°... - ... 

Thefe are convincing examples of the noxious effedls • 
of the effluvia from putrid bogs and marfhes. Although. 
Xuras perfectly convinced of this by the aiafhorti^df 
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rJib by my own reflections and cbfervations; yet I was 
pleafed to prove it in ray own finely, and to be able to 
bring it to the evidence of the fenfes. It is not a little 
fatisfaCtory to prove, by modern experiments, the truth 
of ohfervadons made in remote antiquity* 

A late ingenious authorfrom experiments made 
with raw fle'fh fufpended over bogs, finding that the 
effluvia rather retarded than battened. putrefaction, ven¬ 
tures to declare, that he is te even inclined to doubt of 
their (marfh effluvia) infalubrity in any refpeCt” 

But it fliould be remembered, that an atmofphere, 
already faturated with putrid matter, was by no means a 
proper menjiruum for taking off and fuipending a far¬ 
ther portion of putrefeent matter. 

And we ought to confider, that niiafmataccque ac 
,medicament a , non agunt in cadaver. As all impref lions 
upon our fyflem are made through the medium of 
the nerves, no motions can be excited, nor farther 
im%$$Jiquidi nervofi be produce^, kx bodies divefted of 
nervous energy. My experiments prove, thgt marfh efflu¬ 
via are;ppiibnptis to a living animal; yet they may pro- 

die Arpaj, 3yo, AvdWl' Xf V ■ .•• 

, {b)_ Effay on thepiftaf^s ip:i<Iental to Eyrope^ns.iriTiot ClimeE. ^ 
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bably act as an antifeptic upon the dead one. Fixed air 
is a powerful antifeptic in the one, but is deadly to the 
other. Nitrous air preferves all flefh from corruption', 
after death; yet let any living animal but once breathe in 
it, and it inftantly expires. Some of our bogs have the 
lingular property of preferving dead bodies not only- 
fweet but pliable for many years; but we are certain they 
are at the fame time deadly to living animals. 

exp. xxn. A fourth part of an eight-ounce phial was 
filled with the fame mud as ill the Taft experiment, but- 
fo much dried in the fun as to be eafily rubbed into- a 
(powder, the reft being air; after being corked,.they were 
fet by for twenty-four hours, and in the interim fre¬ 
quently agitated. The air being at the end put to the 
teft was fcarcely altered, the greateft diminution in feve- 
ral different experiments was only from 62° to 6o°. So 
that the air was yet quite good, although they flood dou¬ 
ble the time of that? in the laft experiment. 

Hence it ir evident, that bogs and marfhy grounds, 
when dry, or perfectly drained of their moifture, become 
healthy, and emit no noxious exhalations. 

This illuftrates the obfervation, that fueh fituations 
are not liable to produce their peculiar difeafes during 
the dry feafons, or after being well drained. And it is 
obferved, that in the moft unhealthy of our fettlements 
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in Africa, the Eaft and Weft Indies, the inhabitants are 
at fuch times healthy. But when the wet feafons begin, 
the fcene is reverfed; the air immediately becomes 
vitiated, polluted, and deftnvftive; putrid-fevers arife,. 
and fpread deftruftion over the country. The ingenious 
Mr. ives gives a dreadful inftance of this, and of the- 
diabolical revenge of the Arabs, when they think them- 
felves injured by the Turks at Baffora: they, by breaking- 
down the banks of the river near that city, lay-all its en¬ 
virons under water. After the water is nearly.evaporated,, 
the mud and other impurities corrupting, pollute the 
air to fuch a degree-as to caufe a moft mortal fever in. 
that populous city. This was the cafe when Mr. ives- 
was there: of this fever fourteen thoufand fouls pe¬ 
riled. and of the Europeans fettled there only three 
efcaped with life: -a moft horrid mode of revenge,. and 
a dreadful example of the deadly effeas of marfhes and 
ftagnant waters in hot chmates. Let us fee if we cam 

prove this by actual experiments. 

exp. xxnt. To the fame powdered mud ufed in the 
laft experiment, was added as much water, as was re~ 

' quired to bring it to the fame confrftency with. thaun the 
twenty-firft experiment. This being inclofed with fix 
ounces of air as before, flood twenty-four hours. . .. 
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The air had then contracted a noifome ftnelJ, like a 
new-cleaned ditch, and was dimiiui’ked from 6 2° 1049°. 
Several experiments gave the lame refillts: on Handing 
longer, it was diminiflicd from 62° to 29 0 . 

This experiment proves and illidtrates the effects of 
moifture co-operating with unhealthy foils in producing 
' their pernicious effects. Moifture to a certain degree is 
, neceftary to every kind of fermentation; hence I fufpecf, 
that by the falling- of a certain cpiantity of rain upon-, 
marfliy grounds, a fermentation immediately commences 
in the putrid foil, a quantity of vitiated particles are let 
at liberty, by which the air is polluted. The degree of 
fermentation is influenced by the degree of heat, and the 
■greater or lefs quantity of moifture. 

exp. xxiv. To the mud ufed in the laft experiment, fa 
much more water was added as to dilute it fo that, upon 
.fubflding, a conflderahle height of water fwam above it;- 
iffwas confined with the air, and flood as in the laft 
experiment. . ; 

The iiped 'by Ahe teft, it was in no in- 

1 fiance found far&ef diminifhed than from ■&%* to 56°. 

This experimei^;;wag:madMith:a view of difeoveriftg 
the effedt of marfhesJand bogs when laid, under water; 
and we find that their: dmg&M rip ■% gdeat meafui®ob¬ 
viated by it; fo that the putrid fermentation is either 

prevented 
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prevented by too much moillurc, or the effluvia are ab- 
forbed in palling through the fuperincumbent bed of 
water: perhaps the cold generated by evaporation may 
have feme effedt. 

This fully proves the propriety of Sir john pringle’s 
remark, where, in giving cautions for’ avoiding- difeafes 
arifing from putrid air, he fays, “ As for cantonments in 
“ marfliy grounds, if the troops muft remain there in 
“ the dangerous feafon, it will be better to float the fields 
u entirely, than to leave them half dry; for the fhal- 
“ lower the water the more it will corrupt, and the eva- ■ 
s( poration will be greater in proportion.” How beauti¬ 
fully is this illuftrated by the twenty~firft,twenty-fecond, 
twenty-third, and twenty-fourth experiments! An in- 
fiance of the perfedt agreement of faithful obfervation 
with truth and nature. 

, exp. xxv. Two ounces of dirt fwept from the fireets 
were inclofed in the phial as before; after ftanding toge¬ 
ther twenty-four hours, the air was found to be dimi- 
nifhed conliderably, from 62° to 50°. 

Hence it appears how: well the magiftrates confult 
the liealtli of the inhabitants, as well as^.^tieftieaihels' 
nf cities and large towns, by enforcing due attention to 
the cleaning and paving of the fireets in their refpeo 
liveldillriifig,., , -/fvv.v'yu:: v 

Or -1 . ■ ': ; '.A rnvW wsh, ; £XFi 
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exp. xxvi. The fame quantity of loamy, vegetable 
earth, out of my garden, and brought to the confidence 
of thick mud by addition of water, was next tried. The 
air was found but little worfe; in one inftance only di~ 
mini fired from 59 0 to 55 0 ; in another, from 64° to 6i°. 

It is probable from hence, that fine loamy vegetable 
earth contains little putrefeent matter, as it gives little 
noxious effluvia. The addition of animal and other kinds 
of manures will much vary their effects in this refpedh 
exp. xxvii. A mafs of the fame confidence was formed 
of pure clay and water, the other circumdances of the 
experiment being the fame. The air was not found the 
worfe by it in fix trials: in one there was only the fmall 
difference of 6a 0 to 6i°, certainly the refult’of fome 
flight inaccuracy. 

So that the pure clay foils appear to be favourable to 
health; they emit no kind of feptic or noxious effluvia. 

iEXP.'XXViri. Wet fand was tried in the fame manner, 
and found to have no noxious effedt upon air: from 
which it may be concluded, that the general notion of 
the falubrity of fandy foils is founded on truth. 

I fliall at prefent conclude with recapitulating a few 
inferences, which feem to be proved by the preceding 
experiments. ... ; . . 

1. The atmofpheric air is rendered worfe by a long 
continuance of dry weather* 


It 
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2. It is purified by rains and winds, efpecially Wefterly 
©lies. 

3. It is confiderably worfe in cities and large towns, 
than in the country, even at a fmall diftance. 

■ 6. It is quickly poifoned by the effluvia from animal 

bodies, even whilft perfectly fweet and free from pu¬ 
tridity. 

7. Vegetable matters, when not in a growing ftate, 
have a fimilar effedt, and in a degree equally powerful. 

8. And this is not any ways owing to their aroma or 
odorous parts. 

9. Phlogifton rifes alone. 

1 o. Phlogifton is imperceptible to the fmell, per fe. 

11. Phlogifton is, per fe, peftilential. 

1 a. The abfence of difagreeable fmells is by no means 
a criterion of the healthful ftate of jails, hofpitals, &c. 
or of their freedom from infection. ■ 

13. Mere odour does not injure the air, nor do vola¬ 
tile alcalies. 

14. The air is generally pure over waters. 

15. The air is greatly injured by the effluvia from the 
thick mud of bogs and marfties. 

16. But this is much obviated by laying them under 


water. 

Vol. LXVIII. 
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17. Air is not hurt by fuch mud when perfectly dry. 

18. Air is alfo infeded by the dirt of the ftreets. 

19. Pure loamy vegetable earth has little of fuch 
cffed. 

20. Air is not at all polluted by pure clay foils. 

21. Nor by thofe of pure fand. 




[ *a* ' 


XIV. An Account of the Earthquake which was felt at 
Manchefter and other Places , on the 14 th Day of Sep¬ 
tember, 1777. In a Letter from Mr. Thomas Henry, 
F. R. S. to William Watfon, M. D. F. R. S. 


Q T p Manchefter, 

^ October 2x, 1777. 

Read Feb. 19, r T"' HOUGH the fhock of an earthquake 
**• which was felt on Sunday the r 4th of 
September, in this and fome of the neighbouring coun¬ 
ties, was by no means equal to thofe terrible concuffions 
which fome foreign countries have at times experienced; 
yet as it appears to have been at leaft as violent as any that 
has happened in this iiland for many years, I thought a 
particular account of it might not be unacceptable to you, 
efpecially as fome circumftances attending it feem to be 
connected with a branch of natural philofophy, for the 
elucidation of which mankind are much'obliged to your 
induftrious and ingenious refearches. 

'TyOn the morning of the day on which the earthquake 
happened, I was confined to my* bed beyond my ufual 
hour by a head-ach, with which I am generally; troubled 
Mf F f 2 ' : 'S|.! previous 
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previous to any ftorms or confiderable changes in the 
atmofphere. .About five minutes before eleven o’clock, I 
was alarmed by a noife which feemed as if it might have 
proceeded from a large bale of goods thrown down on a 
boarded floor below flairs: the houfe fhook. I called 
out to my wife, who was in an adjoining clofet, to know 
what could have fallen; when inftantly I was aftonilhed 
by fuch a rattling noife at the North-eafl corner of the 
houfe, that 1 cried out that a part of the houfe (which 
had been built within thele few years, and was not fo 
firmly connected with the old part as it fhould have been) 
was fallen; and in this opinion I was immediately con¬ 
firmed by a third and more violent crafh, refembling the 
tumbling down of a large and lofty wall. Each of thefe 
noifes was fucceeded by a feparate concuflion. 

Thefe events muft: have taken up the fpace of at leaft 
half a minute. During that time I got out of bed, and 
putting oil my coat and waiftcoat, ran to a window which 
commanded a view of ope fide of the fufpedted building, 
and to my great furprize found it ftanding. I then went 
to a window at the front of the houfe, where I alfo fouhd, 
every thing fafe; and on being informed by feveral peo¬ 
ple, who had fled affrighted into the ftreets, that their 
houfes and furniture had been violently fliaken, I con- 

;; " V: ‘ f ‘ eluded 
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eluded the difturban.ee muft have been occafioned by an 
earthquake. 

I had now time to make inquiry how my wife had 
been affedted; for my mind had been hitherto filled 
with anxious fears for the fafety of my two youngeft 
children, who were in that part of the houfe where I had 
apprehended the danger to be. The dimenfions of the 
clofet in which the flood were three yards by two. At 
the North-eaft corner, on the outfide of the wall, is a 
leaden fpout, which communicating with a wooden one. 
conveying water from a lower building, difcliarges it,, 
without coming into contadf, into a leaden ciftern, from, 
whence a fmall pipe defeends into the cellar. At a con- 
fiderable height above tliefe, another leaden fpout pro¬ 
ceeds obliquely from the Northern along, the Eaftern 
fide of the houfe,. collecting the water from the whole 
fur face of the roof. From this quarter the noife, which 
was heard before the two laft coneuffions,; feemed to have 


proceeded. 

wife informed me, that at the ihftant of the fecondl 


explofion fhe had received a very fmart ftrhke op the top 
. of her head, and, imagining that fomething had fallen 
off a fhelf, looked down on the floor and perceived it; 


heaving under her, hut -could fee nothing that could have: 
gjL'ven-theh.low. Lifting ; up heat, eyes fhe faw her china- and! 
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every thing in the clofet dancing on the fhelves; and, 
during the third fhock, the vibration of the walls was fo 
great that fhe expected they would have fallen upon 
her. A pain, attended with a degree of ftupor, remained 
in the part of her head which had been affe&ed, for 
feveral hours after. Several other perfons likewife re¬ 
ceived ftrokes fimilar to electrical ftrokes in different 
parts of their bodies. 

In the churches, it being in the time of divine fervice, 
the greateft confufion and terror were occafioned. The 
congregations, fufpedting that either the galleries or the 
roofs were falling in, endeavoured to efcape with the 
utmoft precipitation. Several people were thrown down 
and trampled on, and fome-few had their limbs broken. 
Nor is it to be wondered at that they were fo terrified, as. 
the pillars and walls evidently tottered,^ and the motion 
was fo great as to toll the bells in the Collegiate and St, 
Mary’s churches. My fons, who were at the latter, 
allured me on their return, that they heard the bell 
twice during fhhdaft fhock, and the faCts are befides well 
authenticated by variety of evidence. 

The alarm was equally great in moft of the places of 
worfhip in this town, except at St. Paul’s church, which 
is a low building at the North-eaft fide of the town, with¬ 
out a fteeple, and has a common fhore running under it. 

How 
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HoW f ar thefe circumHances may have contributed to 
render the concuflion lefs fenfibly perceived there, I do 
not pretend to determine. 

Ali neighbouring towns wei c a fleeted in a fimii.ii 
manner; but very confiderable differences were obferved 
in different parts of the fame towns. At Blackley, a 
final 1 village about three miles from this place, the {hock 
was violent in the epifcopal church, though very mo¬ 
derate in the diflenting chapel, fituated not above three 
hundred yards from the other. The latter is a very low 
ftrudure, Hands at the foot of a hill, and has no leaden, 
fpouts to convey the water from the loof. At a houfe, 
about one hundred yards beyond this, placed on an emi¬ 
nence, a fervant, Hooping at fome little diflance fiom a 
cheft of drawers which flood up to the wall, received fo 
fevere a blow from it as to flrike her to the ground. 

The water in many places was agitated. The paffen- 
gers in the duke of Bridgewater’s boat, who were on the 
canal, did not perceive any change; but the fteerfman 
recollects, that the veffel was fuddenly Hopped at that 
time, Which he could not then account for. A : • 

The noife was particularly loud in thofe houfes which 
were furnifhed with condudors; and, as far as I have 
been able to colled, it was londeH in thofe parts of the 

houfes where the condudors were fixed, 

Af: : AT . Many 
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Many feople complained, for feveral days after, of 
nervous pains and hyfteric afeafons, and of fenfations 
fimilar to thofe of perfons who have been ftrongly elec 
trifled. Perhaps the fright might have contnbuted to 
have produced feme of theft effects. For my own part, 
my head-ach, which feldom leaves me before evening, 
was intirely and immediately removed. A report pre¬ 
vailed, and it was pofitively afferted, that a boy at Roch¬ 
dale, who had been long deaf, had recovered his hearing 
at the inftant of the earthquake; but, upon the moll 
ftrid inquiry, the faft does not appear to be fuffidently 

authenticated. . 

' Different people in the feme rooms were affeded m 
various degrees, and felt the ihock more or lefs violently. 
Neither the vibration nor noife were perceived by 
moft perfons who were travelling on the roads or walk- 
mg in the ftreets. Yet others, on looking at the houfes, 
p^-eei^ed a great unclulatory motion, in them. ^ Ihofe 
who flood on rnofs or loofe garden ground felt it heave 
under thbfo very perceptibly; and others, who fat or lay 
upon the ground^ were fofhocked as to be thrown forci¬ 


bly out of the pofitkai‘ they were m. 

To myfelf and feveral others, who obferved the pro- 
grefs of this phenomenon coolly , three fhocks were very 
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clearly diflinguiiliable. Some perfons were fenfible of 
two, and fome of one only. 

The motion of the earthquake, at leaf! of a milling 
wind which attended it, was from South-weft to North- 
eaft. It was felt at York, Lnncafter, Liverpool, Chefter, 
Birmingham, Derby, and Gain /borough ; and within this 
circuit, the diameter of which mu ft be 130 or 140 miles, 
with greateft violence in this neighbourhood, which ap¬ 
pears to have been the center of it. 

In Derbyfhire, through a great part of which county 
I have lince travelled, the Ihock was ftrong on the 
Weftern, and weak on the Eaftern fide of the Peak. I 
cannot find that any of the mines were injured by it, 
though itjliad been reported that fome of the loughs had 
fallen in. Nor does it appear, that in the great extent of 
cotmtry, which was thus violently agitated, any more 
material damage was Buffered than the throwing down 
fome chimnies. Praifed be that kind, fuper-intencling 
Providence, who rides on the whirlwind, and directs the 
floral; and who gracioufiy put a period to this awful and 
tremendous feene, when we were apparently op the 
'brink of deftrudtion! '. . ■,::; ■ 4 ■$$$$, ?'^ 

To you, sir, who have fo intimate a knowledge of 
eledtrical fubjedts, it would be impertinent to make any 
pbjfervations on the abpye fa<fl|i§iperhaps many of them 
Vol.LXVIII. * Gg jyjfmay 
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may tend to confirm Dr. stukeley’s theory of earth¬ 
quakes being occafioned by the accumulation and dis¬ 
charge of the electrical fluid: yet I cannot but obferve, 
that the State of the atmofphere and of th’b feafon feems 
to have differed in many points from that which he de¬ 
scribes as preceding the earthquakes in the years 1749 
and 17 50. 

Dr. stukeley fays, that for four or five months the 
weather had been warm to an extraordinary degree, the 
wind generally South and South-weft■ without rain. That 
in the marlhy parts of Lincolnshire the drought had 
been fo great on the Surface of the earth, that-the inha¬ 
bitants-had been obliged to drive their cattle many miles 
to water. That-before the-London earthquakes, vegeta¬ 
tion was as forward in February as it* ufually is in April. 
That the aurora borealis was frequent, unufual in its Co¬ 
lours, and even • removed to the South; and that the 
whole year had been remarkable for fire-balls, lightning, 
and corufeations-. 

In the prefent year the -Spring and Summer had' been 
in general remarkably cold and unfeafonable, the wind 
varying from North-weft by Weft to South-eaft by South, 
the latter of Which commonly brought Tain: During 
the latter, end of the month -of May, and part of June, 
the weather was exceedingly dry, and .very Sharp frofts 

.f'-V;’ - . . deftroyed 
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deftroyed moft of the early fruit; particularly one in the 
middle of June was fo fevere as to kill whole fields of 
potatoes; an inftance fcarcely ever known at that feafon. 
In July the ground was refreshed fora fortnight with 
frequent and plentiful ihowers, fuepeeded by about an 
equal period of dry and warm weather. Throughout 
mod; of the month of Auguft the rains were violent and 
the air cold. Vegetation was backward, and all kinds of 
fruit crude and infipid, On the fifth -of September the 
weather became warm and ferene, and continued fo with 
an Eafterly wind, except on the ninth, when fome 
lhowers fell, till the day of the earthquake, and for fome 
days after. Vegetation now became more quick. An 
electrical machine worked with uncommon vigour the 
day before the earthquake; but was obferved to aCt as 
weakly two days earlier. During the fiimmer I do not 
recoiled above two thunder-ftorms; nor was the aurora 
borealis by any means frequent. A fire-ball was ob¬ 
ferved about two months before; and a water-fpout fell 
on the 23d of July, near Huddersfield, in the Weft¬ 
riding of Yorkshire, which did confiderable damage to 
the country^. * 

■ ; Y\:Y The 

(a) It is Father beccaria’s opin'19^ that in a thunder-ftorm the r clouds 
fern aj condu&ors to convey the elefiric fluid from thofe places of the earth 
:0 Yr;., G g 2 which 
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The morning on which the earthquake happened was 
clear and fcrene. The air was fo far from being fultry,, 
that fome perfons who rode out early in the morning 
complained of the coldnefs of it. The wind was Eafterly. 
At the inftant of the fhock it is faid to have veered to the 
Weft, and to have immediately returned to its former 
ftation. My barometer had rifen in the night. When I 
obferved it, about fifteen minutes after the earthquake, 
it ftood at thirty inches, and it continued to rife all the 
day. One gentleman, who had. marked the height of 
the quickfxlver in his barometer that morning, obferved 
that it had fallen a few lines at the fhock, but it foon rofe 
again to-the fame place. The thermometer at noon ftood 
at-63°. 

No cloud, except a few fcattered white ones, fuch as 
our atmofphere is feldom free from, was obfervable 
either before, or after the conclufion, and no rain was 
difcharged either on that or feveral following days* 

which are overloaded to 'tjhpfe 1 which are cxhaufted of it. In the fum» 

roer of the prefent year*;.^t^ern counties \yere'deluged with rain,, 
this part of the ktngd6nh''w^:%|t^i%:ioc Want of it. And afterwards, while 
long continued heavy rains .mailed qhe ripening of the corn, and threatened 
deflru&ion .to the harveftin tills country, I am informed, that the counties in, 
the neighbourhood of London enjoyed a clear fky and fine- weather. I am ig¬ 
norant what was thetftate of the atmofphere. in the South in the month of Sep¬ 
tembers ’ " ' 
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On the 20th, 21 ft, and 2 2d of September much rain 
fell, attended with thunder and lightning. The lform 
was particularly violent on the 21ft in the neighbour¬ 
hood of Rochdale, twelve miles from hence; and early 
on the morning of the 2 2d the whole hemifphere ap¬ 
peared, from this place, to be involved in one general 
blaze. 

Should this account appear to you fufficiently intereft- 
ing to be communicated to the Royal Society, I ifiall be 
obliged to you if you will introduce it when they meet. I 
have given a plain but authentic narrative of fa<fts, and 
have avoided drawing any inferences from them, con- 
fcious of my own inability to inveftigate fo obfcure and 
intricate a fubjdtft* 
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'XV. Sundry Papers relative to an Accident from Light¬ 
ening Purfleet, May 15, 1777 * 


i, A Letter from Mr. Boddington, Secretary to the Board 
of Ordnance, to Dr. Horfley, Sec. R. S. with 2wo En~ 
clofures from Mr. Nickfon, Store-keeper at Purfleet, 
giving an Account of the Accident. 

TO DR. HORSLEY, SEC. R. S. 

_ Oflice of Ordnance, 

« . May 31, 1777. 

T AM directed by the lieutenant-general and the reft of 
■*“ tlie principal officers of the Ordnance, to tranfmit to 
you the copies of the reports and plan received from 
Purfleet, on occafion of fome damage done by lightning; 
which reports and plan they defire you will pleafe to lay 
before the Royal Society. 

I am, &c. 

JOHN- BODDINGTON. 

TO 
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TO SIR CHARLES FREDERICK,, KN-T. OF THE BATH.- 

Purflefct, 

HONOURABLE $IR* ; May 16, 1777* 

♦ 

YESTERDAY afternoon we Rad much rain and? 
diftant thunder; but- at fix a very heavy cloud, in palling:. 
over- the houfe, prefented us with part of its contents, 
which ftruck the North-eaft corner of the houfe on one. 
of the cramps that held the. copeing, Rones together, 
forced off about a fquare foot of that {tone and one brick, 
and has difplaced about a cube foot of brick-work underr 
neath. It has not been yet difeovered that any of the 
conductors have adted during the paffage .of that cloud, 
although,the fladi and report were both very great. One 
of my fervants was out of doors by the coach-houfe at 
the fame time,.and narrowly efcaped falling by the 
fhength of the flafh: the others were in the houfe, but 
were much frightened., My fon fays, that there is a dent 
in the cramp, on .which the lightning, fell, and I intend 
to preferve it as a curiofity... If the conductor on the 
houfe has a died, it is imperceptible as I am informed. T 
thought this account would be acceptable to you from,., 

Honourable fir, See. 

EDWARD NICKSOH. 
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'TO THE RIGHT ' HONOURABLE , LORD AMHERST, LIEU- 
TENANT-GENERAL OF HIS MAJESTY’S ORDNANCE, SCC. 


MY LORD, 


O.HC*. of Ordnance, 
PurOuct, May 20, 1777* 


IN obedience to your lordfhip’s commands of the 


19th inftant, directing me to report concer; mg the acci¬ 
dent that happened to the Board’s houfe by lightning on 
the 15th, I beg leave to acquaint your lord blip, that on 
that day there had been much rain and duiuu thunder; 
but, about fix o’clock in the afternoon, a very heavy 
cloud hung over the houfe for Tome time, which I looked 
at from the back-parlour window, and it being quite 
calm, made me fufpedt, that fome of our conductors 
might find employment from it. I had not been long at 
the window before a violent flafli of lightning and clap 
of thunder came together; and, as foon as the rain would 
permit any body to move about, one of the labourers 
brought me fome pieces of ftone and a brick, which 
were ftruck off from the cop dng on the parapet-wall of 
the building from the North-eaft corner. On my foil’s 
-coming home, I defired him to go and view the top of 
the houfe. On his return he told me, that the lightning 
had ftruck one of the cramps that hold the copeing toge¬ 
ther, and had made a dent in the lead of the cramp, and 
2 the 
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the ftone adjoining to it, as if ftruck by a mufquet-ball; 
that the quantity of firme thrown down might amount 
to about a fquare foot; and that it had difturbcd about a 
cube foot of brick-work underneath: and, according to 
your lordlhip’s commands, the diftance from the point 
of the condudtor on the houfe to the part ftruck has 
been meafured by him this day, and amounts to forty-ftx 
feet. 

All the,conductors at this place are pointed, and it has 
not yet been' difcovered that any of them have a&ed 
on this occafion. 

If your lordfliip fihould want any farther explanation, 
my fon waits on you with a fmall drawing of the eleva* 
tion of the Eaft-front of the houfe, and of the part 
. ftruck, which I hope will be fatisfadtory to your lordlhip 
and to the honourable board. 

I am, &x. 1 

EDWARD NIGKSON. 


’f’j M. 
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2. The Report of the Committee appointed by the Royal 
Society , for examining the EffeSl of Lightnings May 15, 
1 ? 77 > on the Parapet-wall of the Houfe of the Board of 
Ordnances at Purfleet in Effex. 

THE .'iron cramp on which the lightning fell Wa& 
cemented into the copeing hones on the parapet-wall, 
near the North-eaft earlier, with lead: add On that lead, 
at one end of the cramp, there appeared to have been a 
fihall fufibh; the end of the lead,, and part of the adjoin¬ 
ing 4 ohfej being indebted about half an inch In diameter, 
Mid a quarter of ah inch deep, as though a mufquet-ball 
had been fired againft them. 

The iron cramp was fituated over a plate of lead, and: 
the ends of it, which were inferted in the ftone, came 
within.. feyeh iric|ies of that plate, which communicated 
l&ftilived as a fillet'to it:"this 'gutter 
was a part of the main conductor of the building. 

When the lightning bad quitted the iron cramp, and 
had pafled through feven inches of Hone, brick, and 
mortar, it fell upon the corner of the plate of lead above- 
mentioned, as appeared by the fufion of a veff linall 
ponton of it difcoverdA % pulling 

4 tar. 



• from fightning at Purfleet. 237 

tar, &c, on purpofe to examine into this particular, 
From this place no farther effect of the lightning could 
be traced; the metallic conductors to the earth having 
effectually performed their office. At the diftance of 
feven feet and an half from the place ftricken, a large 
leaden pipe went down from the gutter to a cittern of 
water in the yard. 

The rain, Mr. nickson informed us, had fallen plen¬ 
tifully for fome time before the ftroke; fo that the mor¬ 
tar, bricks, £?c. did probably form an imperfeCt con¬ 
ductor for the diftance of feven inches between the iron 
cramp in the copeing hones and the filleting of lead 
above-mentioned. 

At the termination of the iron cramp in the .copeing 
ftone, a piece of the ftone, with one brick, was ftricken 
off; and a few other bricks were loofened, and removed 
lefs than half an inch from their places. The damage 
done to the parapet of the building is fo inconfiderable, 
that it would fcarce deferve notice, was it not an evident 
proof that the metallic communication with the earth 
hath, in this cafe, effectually prevented any farther injury . 
^ ! ^'TheiCdhdd^tg, 3 Pod on the ridge, near the center of 
the houfe, ftiewed no marks of its having been affeCted 
by the lightning in this cafe : and it is remarkable, that 
thffluiface of one of the hip-rafters, four inches and a 

h h 2 . : : BS a flMiim Wti 
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half in diameter, covered with lead (communicating with 

the gutter) and reaching within twenty-eight inches of 

the place ftricken, feems not to have been at all affedted. 

The method we would recommend of preventing 
limilar accidents to the parapet of this building for the 
future is the following. Let a channel of the fame fize 
with the cramps be made from cramp to cramp in the 
copeing ftones, quite round the building : let this chan¬ 
nel be filled with lead, and let a metallic communication 
by plates about fix inches broad be made from that lead 
in four places (one at each fide or corner of the parapet) 
to the filleting of lead which is in contadt with the gut¬ 
ter, which gutter is part of the main condudtor to the 
building. 

w, HENLY. 

t y . lane. 

E. NAIRNE, 

J. FLAtsfTA. 


June 19, 1777. 

", "V ■' ■ / i A '-w * 
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3. Mr, Wilson’s Diffent from the, above report . 

WHEN this important fabjeCt was firffc debated in 
the Parfleet committee of 1772, a paflage was quoted 
from Dr. franklin’s philofophical publications, refpeCt- 
ing the nature of fuch buildings as were fecure from at¬ 
tacks by lightning. 

The paffage alluded to is this: “ Buildings that have 
* e their roofs covered with lead or other metal, and fpouts 
[U of metal continued from the roof into the ground to 
“ carry off the water, are never hurt by lightning; as, 

whenever it falls on fuch a building, it paffes in the 
il tpetals, and not in the walls.” franklin’s Exp. 
p.481. 

With this idea the building at Purfleet,. called the 
Board-houfe, was confidered by that committee to be in 
a fimilar liquation, and confequently fecure from fuch 
attacks, without having any other conductors than the 
lead.en gutters,.pipes, &c. . : ' , ; 

, that committee then prefent 

fejemed tp be fully ^tisfied with that determination, I 
-pyopofed that the magazines themfelves Ihould be put 

there wouldap- 

fw'L vr..} Thff/’ 


into the fame circumftan.c^s| t otherwife 
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pear to be an inconfiftency in the different methods of 

.fecuring thofe buildings. 

My argument had no other cffeCt than to occafion, at 
the next meeting of the committee} a refblution foi fix¬ 
ing pointed conductors to all the buildings. 

From this refolution I <liffented, and gave in writing 
,my reafons at large for differing in opinion, which aie 

printed in your Tranfadions. 

What has been the confequence fmee the conductors 

were put up ? 

Behold ! this very Board-houfe, which was never at¬ 
tacked before by lightning, hath very lately been ftruck, 
and that within a few inches of the conductor; con¬ 
trary to Dr. franklin’s affertion, which pofitively fays, 
•that in fudi circumftances the lightning ‘paffes in the 
unetals, and not in the walls. 

We may refine in our reafoning upon the philofophy 
. of this event as much as we pleafe ; but let me tell you, 
gentlemen, dhere is no getting fid of the faCt: which, 

. according to my judgement, appears to be truly alarm¬ 
ing. .And as, I apprehend, the reputation of this learned 
.Society is greatly concerned therein, we might imme¬ 
diately to avail ourfelves of this providential warning, 
.and reject an apparatus which threatens us every hour 
\withfome'unhappy confejuences. \ :'w.g ; *4”' 
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It is with very great concern, that I am obliged to* 
take notice, in this Society, of a.houfe, which is of the ■ 
firft confequence in this kingdom, that hath pointed con- 
duCtors alfo fixed upon it: I mean the KING’S* our moft 
gracious Patron and Benefactor’s. Who were, the advifers 
of them I know not; but as they are there,! thought it; 
my duty to mention them. 

In confidering the propriety of pointed 1 conductors, I, 
think it necelfary toobferve, that increafing the number. 1 
of them in any given fpace does not by any. means* in 
my opinion, leflen the rifque of accidents by lightning;; 
but on the contrary (at leaft in many cafes) a greater * 
number of. fuch conductors will neceflarily invite a;, 
larger quantity of. lightning. At Purfleet there are fe~ 
veral of thofe conductors; and by the ftorekeeper’s letter. 

. Pent to the Board of Ordnance, which was lately read be¬ 
fore us, it appears, that he himfelf obferved a. Very heavy • 
cloud hanging, over the houfe for. fome time before the 
firoke happened., 

According to Dr; franklin’s idea, this event ought 
never to have happened; becaufe he fays, that pointed ; 
conductors will draw all the lightning out of the clouds,. 


and carry it away into the earth filently. '1 
' This philofophy Xnever had ally faith in, unlefs thee 
quantity of. Hghtning contain^mthe clouds happenstto ? 
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be very little, and incapable of producing any fatal con- 

fequences. 

I have now only to add, that I did not propofc to have 
troubled this Society any more, had I not thought, upon 
this great occafion, it was my duty to hand forth, and 
give my opinion againft the prefent report; as I know of 
no poffible advantage to be derived from fuch con¬ 
ductors; at leaft none that are confiftent with true phi- 
lofophy, and a fincere regard to the welfare of fociety. 

June 19, 1777. e. Wilson. 


4. A Letter from the Board of Ordnance to Sir John 
Pringle, Bart. P. R. S. enclojing a Letter from Mr. 
Wilfon to his majesty, and an Account of his Experi¬ 
ments on the Nature and UJe of Conductors. 

t » 

TO SIR JOHN PRINGLE, BART. P. R. S. 

I ( , fb) 

0 f k ” Office of Ordnance# 

1 *7 Nov. 18, 1777* 

I i 1 f 

MR. Wilson haying laid before this Board a copy of 

f > 

the report made by hint to His Majefty upon fome expe¬ 
riments in confequence of the accident by lightning, in 
May laft, to one of the buildings belonging to the royal 

* „ V* »W? ^ »r ^ i r itL f i 

magazine of gun-powder at Purfleet: 

We 
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We beg leave to trail fra it to you a copy thereof, to be 
laid before the Royal Society? and, at the fame time, vre 
defire the favour of their inftrudtions, if any thing more 
can be done, in order to the prefervation of his Majefty's 
magazines. 

We are, &c. 


AMHERST. 

CHARLES FREDERICK. 
CHA S . COCKS. 


TO THE KING. 


SIR, 

YOUR majesty, in conlequence of the accident 
from lightning that happened to one of the buildings at 
Purfleet in May laft, having been gracioufly pleafecji fa 
intimate the propriety of making fome farther experi¬ 
ments, to afce^taih the heft method of preventing fuch 
accidents for the future; and having alfo condefcended 
to be prefent at the exhibition of thofe experiments at the 
Pantheon; Lh^#^>refui^e#*^ 

Vo i. LXVIIX. ' '"if 
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this faithful and circumftantial account of what was 
there attempted, together with fome obfervations there¬ 
upon, as an humble teftimony of my duty and gratitude 
for the great honour conferred upon me. 

How far I may have fucceeded in thefe my zealous 
endeavours to afcertain the molt proper conftrudtion for 
conductors is, with the greateft deference, fubmitted to 
your majesty and the public. And whatever confe- 
quences may be derived from thefe experiments, I am 
happy in the thought of having done every thing in my 
power, with the utmoft candour and impartiality, to in- 
y eft i gate truth, in a queftion of real advantage to fcience, 
and of fuch importance to the public, as feems, in my 
Iflinhle opinion, worthy the attention of the ableftfphi- 
lofopers. 

I am, 



SIR,. 

. -jx *■ ■■■ : • ■ i t . • < ■ 

mo^t faithful and 


ig, 



.RENJAJ^IN. WILSON, 


’ r > 

... ■■ ^ V : V 
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New Experiments and Obfervat ions on the Nature and Ufe 
of ConduBors, by benjamin wilson, F. R. S. of the 
Imperial Academy of Sciences at Peterfburg, of the 
Royal Society at Upfal, and of the Academy of InfUtutes 
at Bologna. 


T HE experiments I propofe to give an account of in 
this paper, were made in confequence of tlie accident 
from lightning, which happened to one of the buildings 
belonging to 1 ' his Majefty’s magazine of gun-powder at 
Purfieet, on the 15th of May laid. 

Soon after that event, an official and particular ac¬ 
count having been fent by the Board of Ordnance to the 
Royal Society, a committee of the members -was imme¬ 
diately appointed, to examine the damage dbihe to that 
building, and afterwards to maker a report of the fame. 
When that report was laid before the Society, I 


thought it my duty, in particular, to ftand forth, and 
offer feme objections to the ufing pointed condu&ofs at 
Purfieet, or jhde&cP airf where elfe. 


.; ; iPhis public proceeding was, 1 apprehended, the more 
neeeffiary, as I had^ ujidfra: fBrtner occafion, in the year 


177 a, declared'my 
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the committee, who had recommended Ihaip-pointed 
conductors for that magazine, to be fixed ten feet highei 
than the refpeaivc buildings. 

But not with (funding I had read the paper alluded to 
above, 1 did not apprehend that my duty was fully dii- 
charged, without trying other methods of having fo 
ferious and interefting a fubjeft farther inquired into.* 

1 had the fatisfadtion, foon after, to meet with- fnfli- 
cient encouragement to induce me to confidei of foroe 
experiments, which might make the fubjcCt in difpute 
more intelligible. 

The plan I conceived to be the moft proper for this 
purpofe, was to have a fceiie reprefented by art, as nearly 
■ fimilar as might be, to that which was fo lately exhibited 
"at Purfleet by nature. 

To carry a defign of that kind into execution, it was 
neceflary that attention fliould be given to the feveral 
cife|ihftances concerned in the event at Purfleet. 

The moft material of thofe circumftances I appre¬ 
hended to confift in having a fubftitute for a thunder¬ 
cloud, as it is'.vulgarly called, and large enough, or fuf- 
ficiently long, to admit of (Mug charged with a.confi- 
derable quantity of the matterofhghtning by artificial 
means;’ and likewife, that thf^hflihJte.fhould admit .6$ 
being eafdy moved, and with any velocity the experi- 
l ' ■ ■ ment 
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merit required: or, at leaft, fo as to equal the motion of 
a thunderrcloud. 

An apparatus fufficiently large for fhefe purpofes 
could not conveniently be put in motion: therefore I 
propofed to get rid of this difficulty, by moving the 
building itfelf, inftead of the fubftitute; as that would . 
anfwer the fame end. 

• I11 order to obtain a confiderable charge of artificial 
lightning, I propofed to have one great cylinder covered 
with tin-foil, and a wire joined to one end of it, that 
lhould, when extended properly, confift of feveral hun¬ 
dred yards. - 

This idea leading to an expence too confiderable for 
an individual, I prefumed to hope for other afiiftance. 

Upon an humble reprefentation of thefe matters, his 
Majefty, who is always difpofed to promote every pur- 
fuit which tends to.the advancement df fcience arid the 


good of the public, moft gracioufly condefcended to en¬ 
courage the undertaking; and, by the favour of the 
right honorable and honorable Board of Ordnance, T 
was>imme4iately enabled to carry the intended plan into 
execution#!^ .. 

Very foon after this encouragement^ I procured cor¬ 


rect drawings of the building called Lhe Board-houfe at 

Purte: from thefe an exaft model was made, excepting 

' • . -■ , ■ . 

the- 
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'the windows and doors, which were omitted, becaufe 

they were immaterial upon this particular occafion. 

In this model, a ftri<ft attention was paid to thofe parts 
of the building where metal had been introduced; fuch 
as the hips and gutters of the roof, and the feveral fpouts 
to carry off the water. And as the North-eaft comer of 
the houfe was the part that differed by lightning in May 
laft, particular attention was paid to the two cramps at 
that corner, and the two fpouts on the North fide. Thefe 
-cramps, in the model, were made of final! wire, that bore 
nearly an exact proportion to thofe in the building itfelf \ 
not only in regard to length and thicknefs, but alfo their 
diftaoce from each other, and from the turning up of 
the lead appertaining to the gutter. 

The two fpouts were reprefented each by a thick wire, 
the Ihorter of which communicated (at the bottom) with 
a. cittern. This cittern retting upon two wooden pillars, 
or poffs, about one foot and a half in length at Purfleet, 
the fame ch’cumftances and proportions were attended 
to, anff ih^lit^correlpond exadly in the modeh 

The other 'Wire, in conformity to, and nearly in pro¬ 
portion with, the other {pout at the Board-houfe, de- 
fcending from the gutter for about feven inches, was 
there bent almoft at right angles, and then, continued ok t 
for twelve inches and in a line, nearly 

1 horizontal. 
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horizontal, till it reached within two inches (or little 
more) of the fhort wire: after which it was bent again 
almoft at a right angle, and then lengthened out to the 
bottom of the model, from whence it communicated, by 
another wire, with a pump or well, in another part of 
the houfe. 

This kind of communication was necelTary, becaufe, 
confifting of metal, it, in that refpedt, was limilar to the. 
communication at Purfleet. 


Befides the two cramps mentioned above, another pa¬ 
rapet was made to put on occafionally, which contained alii 
the cramps: thefe were properly fixed therein, and at their 
•proper diftances from each other. And the Royal Society 
having thought proper, fince the accident, to order 1 that- 
metallic communication Ihould be made between the- 
jcramps- upon the parapet, quite round the building, ns a-. 

L * 

fbetter fieosrity from fuch accidents for the future, care- 

I vas taken, to make a -limilar connexion with the wire 
ramps, by means of fmall flips of tin-foil that were 
Jailed upon-the parapet of this model. 

On thetop aft thk roof in the middle, cotidudroirs' c# 
Afferent lengths and terminations were oCealionaily put,' 
uft as the- experiments required. 

Tfe - foale* -from which this model-wits made, when* 
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compared with the houfc, was one-thinl of an inch to a 
foot. . , - 


In regard to the wood of which the model was made, 

I took care that it was well baked,, and foaked, whilft hot, 
in drying oil, before the leveral parts were joined toge¬ 
ther, that it might be the more fimilar to the bricks and 
other materials of the building itfelf, in the power of re¬ 
filling the paflage of the fluid, whenever any attack 
thereof fhould be made. For brick, ftone, dry lime, &c. ■ 
had been obferved many years ago by Mr. del aval and 
others to refift the paflage of this fluid very confl- 
derably. 

In order to move this model with the velocity re¬ 
quired, it was neceffary to have a frame of wood, of fuch 
a length as would fuffer the model, with the pointed 
conductor upon it, to be out of the reach or influence 
of the charge contained in the cylinder, both atitsfet- 
ting* off, and when it had arrived at the end of its 
journey^|gb v ;v'j 

To this frame, two upright polls of wood, ten feet 
and a half long,at the farther end, and at a 
diftance from each other equal to the width of the 
frame. ‘ Upon thefop of tl^ l^is^pd^ in .the middle , 
between them, ,4ia- ; " 

meters upon the fame axis. The larger took the line 

i. :tliat : 
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that was propofed to draw the model, and the leffer 
another line fufpending two weights which regulated 
its motion. For after the heavier weight had defcended 
fo far as to bring the model diredtly under the fubftitute, 
it was then checked; but the lefler weight continuing to 
delcend r the model moved forward with its acquired ve¬ 
locity, joined to the power of the leffcr weight. And 
that the remaining motion might at laft be overcome, 
without ft piking againft the two pofts, fome narrow flips 
of cloth feven feet long, were nailed upon the frame, 
in- thofe parts over which the model was to pafs be¬ 
fore it reached the end. This model moved like a fledge, 
by means of two flips of wood that were fixed at the 
bottom*, which ran in two grooves that were cut along 
the frame from end to end. And the line which drew 
the model along, was fixed very near the center of re- 
fiftahee. ' * ! 

< To conftracft the fubftitute for a cloud, I firft joined 
together, in fifteen lengths, the broad rims of one hiin- 
drediand* twenty drums (merely to have them portable) 
by> t*#o®d cut into long flips, which were fixed 

on the inftdai^hefeofrbufi=as thofe drums w*6feftotabki- 
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covered with, tin-foil, excepting eight; for thefe being; 
brafs, required to be covered only at their joinings. All 
thefe drums together formed a cylinder above one hun¬ 
dred and. fifty-five feet in length, and above fixteen 
inches in diameter. 

The whole cylinder was made in four feparate parts; 
three of thofe parts could eafily be made to communi¬ 
cate, or not,, with each other: the fourth, being brafs, 
was referved for a different purpofe. The feveral ends, 
of thofe four parts were clofed up with board, rounded 
off at the edges in every part, and covered with tin-foil 
likewife. 

This great cylinder (confifting of the three parts) was- 
fufpended about five or fix feet from the floor by filk 
lines; and,formed a curve in the room, fomething like 
anhorfe-flioe; oneend of which, hung over the middle of 
the long frame, on which the model was propofed to. 
move; the other (which I call the farther end) was joined 
occafionally to the end of a long wire, that was fufpended 
through the whole fpace of the room. And left the fe- 
veral atmofpheres round this wire, in its charged Hate, 
might, in confequence of the unavoidable returns of the: 
wire, interfere too much with each other* it was fufi* 
pended in fuch a m anner (by filk dines alfo) that each 
length was five or fix feet from.|ts. . 

that were fufpended nearefi to the great cylinder: hung at 
4 the 
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the fame diftance from it. The remote end of this long 
wire hooked on occasionally at the end of the brafs drums, 
which made a Separate cylinder (the fourth part alluded 
to above) about ten feet in length: this was fufpended 
likewife by lilk lines, and about fix feet from the floor; 
but in Such a manner, that the fartheft end thereof from 
the wire was within nine or ten feet of the great 
cylinder. 

The long w r ire with the great cylinder and brafs drums 
made the whole of the fubftitute for a thunder-cloud, 
when they were properly charged. 

The machine, employed to charge this apparatus, con- 
lifted at firft of two large glafs cylinders that were turned 
by one wheel. But as the fridtion arifing from the two 
together rendered it difficult to work them, and the ad¬ 
vantage gained from both in the charge itfelf Was; found 
to be not fo confiderable 4 as might* reafbnably be expedited, 
one of them only was made ufe of in the following ex¬ 
periments. The place where this machine charged the 
'gy^?^lihder;i was about ten or eleven feet from its 
neareft end. d It was found expedient to be-provided alfo 
with another machine ; but this was employed only upon 
particular occ&li& was generally placed at the far¬ 
ther end of the great cylinder, \. ;y.?! ■ - d 

> - i The floor of the room being bsflioi wost^jt 
tteoeflary to hate wires properly connected with the 

K. k 2 cufhions 

.. ! /, '■ v v'i. ' 1 ' \ 4 : 
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cufhions of both machines along the floor, where they 
were joined to another wire, which communicated with 
the well, in order to conduit the fluid more readily than 
the baked wood admitted of. 

The whole of this apparatus, fo contrived, was tlif- 
pofed in the great room of the Pantheon , by the favour 
of the proprietors, who, having heard that a large apart¬ 
ment was wanted, in which to fliew before the Board of 
Ordnance and the Royal Society thefe experiments, were 
pleafed to honour me with a very polite letter, offering 
the ufe of that elegant building for the purpofes in¬ 
tended. 

exp. I. The model, with a pointed conductor upon it 
(which; in a degree of fliarpnefs, was nearly equal to 
that of a common darning needle) being placed diredtly 
under the nearer ;end of the’greWt cylinder, fo that the 
dift#ee‘‘between’-the: 1 point:bf the conductor and cy- 
hndef: : ' : :#a&' ; ltfle more tbafcs<i&r6r-inches, the:; machine 
was then jKrt into' motions After two turns of fee wJheefe 
or thereabouts, a frMll' : ftfeamofdlgM«ppeafyiabk'llttk 
interval, between the top fefefe'Wlbe which 

reprefented the bent fpout, and its littd® dftern next to 
the gutter, where the metalie cemmupica&o® t m® pst* 
pofely interrupted. This flrcam>eonfeamjd ta fee viflble, 
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though the model'was moved along the frame from its 
fixed ftation to more than the distance of forty-three 
inches. 

exp. ii. When a conductor of the fame length with 
the former, but rounded at the end, and no more than 
three-tenths of an inch in diameter, was put in the place 
of the pointed one, every other circumftance continuing 
the fame, the fmall ftreara of light appeared again; but 
upon moving the model a little beyond the. diftance of. 
fixteen inches, it totally difappeared. 

first observation. By the fifft' experiment it was 
manifeft, that the point adfced upon the charge all the ■ 
time the: model was moving through a fpace equal to 
forty-three inches; and confequently was, all that time,, 
diminilhing the charge in the great cylinder. On the 
other handy the fecond f ©xperiih^ht ihewed, that 'the; 
Founded end • 

del moved through a-fpace equal tb fixteeninches. And 
from the two experiments compared, it appears,, that a. 

-:is. exhaufted of* more ofdher*:fiidi:)|^ia«; 
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,as before, the charge contained therein produced no ap¬ 
pearance of light whatsoever. 

EXP. tv. But when a pointed conductor of the fame 
length with the laft was put in its place, the fmall ftteam 
•of light appeared, and continued vifible all the time the 
model was moved through a Ipace equal to eighteen 

inches and a half. 

second observation. Thefe laft experiments, com¬ 
pared with the former two, fhew that a rounded 1011- 
divStor, little more than one foot and a half above the 
higheft.part of a building, receives a far lefs quantity of 
' -the matter of lightning from a cloud fully charged there¬ 
with, than a pointed conductor placed ten feet above a 
.building,, cftcumflanced alike in every other refpea. 
Nay, a pointed eondu^or of the fame length with the 
fhort one that was rounded, appears, from thefe experi¬ 
ments., to collect a greater qWtity of the fluid, than 
,the long condutawitharounded end. : ■ 

- The difficulty of' meafuring exactly the effects, when 
the great cylinder was charged, was fo great, that after a 
variety' of endeavours to .afeertain; the. quantity' of the 
charge remaining^ when different terminations and dif¬ 
ferent lengths of conductors were employed, I was 

certain as it is, in many cafes, to determine the different 

effe&s 
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effe&s occafioned by the interpofition of thefe different 
terminations. 

exp. v. On repeating the firft experiment (that is, 
with the long pointed conductor upon the model) with 
ten turns of the wheel only, the charge remaining in the 
great cylinder was immediately received on the hand;, 
the fenfation it occafioned was little more than, percep¬ 
tible. 


» exp. vx. But upon repeating the fecond experiment 
(that is with the long rounded condudor upon the model), 
with ten turns of the wheel alfo, the charge remaining, 
was taken; but the fenfation in this cafe was increaled. 
confiderably.. , 

exp. vn. When the third experiment was- repeated, 
(that is with a rounded conductor five times fhorter than. 


the laft) and with the feme number of turns, the fenfa— 
tion was obferved to be-full as violent, as if no fiich me¬ 
tallic interpofition had been prefented to it. 


exp. viii. Upon repeating the fourth experiment (that 
is, with the pointed conductor equal in ,length to that im 

alfo, the fenfationj*was 

Teemed fp|3pqt^ipg;::ljef^:bbaa what was experienced with. 

experiment. . 
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third observation. The feveral effects obferved in 
the four laft experiments agreeing fo exactly with tl^ofe 
in the four firft, prove, at leaft fo far, that rounded ends, 
in thele cafes, received the fluid lefs readily, and in !efs 
quantity, than points. 

But, before other experiments are related, it may be 
proper to take notice of what paffed at the fhort fpout 
upon the model during the making of the four firft ex¬ 
periments ; becaufe the confequences to be drawn from 
thence are 'very material; •. T . 

exp. ix- In. the firft experiment (when the long 
pointed conductor was put upon the model, and whilft 
the wheel was turning) a very fmall fpark might he 
taken from the fhort fpout; 'but if the hand, or a wire, 
was applied c<^ffinnicated with the well, and 

continued in conta^l with the: fhort fpout, or if it was 
connected with the the fmall ftream of- light 

feen before at the top of tha^ fpout now ceafed, 

Ekpf'x. Butfbis the baft when 1, the. thirdex- 

■pe#iment>/ 'with the' fhort rohnded j 
conductor) 1 ; Top* fMfe, *%y fits- gibat^-dlftanee : 

from the- cyhhcfej :andfdid 1 
not draw, a fufhcient qhafttity v bf the charge frofn the 
great-cylinder.tIP cab# fh&fte&ft- app€^ranc# of a. ftream 
of light, as in the formefr’id^*’^ •. 
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exp. xi. The eiTeft, however, was different, when a 
pointed conductor of the fame length as in the fourth 
experiment was made ufe of; for then the fhort fpout 
was charged nearly in the fame manner as in the fir it 
experiment, and the dream of light at the top of the 
bent fpout difappeared the inltant a communication was 
made from the fhort fpout to the earth. 

fourth observation. The two pobs of wood upon 
the ground, which fupported the cibern a't the bottom of 
the fliort fpout, were therefore the true caufe of thele ‘ 
effects taking place in the fliort fpout, by preventing a 
communication with the earth, and hindering-the fluid, 
that was conbantly charging the fhort fpout, from difl- 
charging itfelf properly into the earth. 

It may now be proper to take notice of other experi¬ 
ments, and alfp of two other circumbances that feem to 
be of confiderable confequence inthisbhqttiry. pL’Lrr 
. One of thefe circumbances refpe&s the motion of the 
model, inbead of that of the cloud; and the other, the 
qip,iStity;'2,;Of.;:the: fluid contained in the great cylinder 
wh^iprpperiy.charged.uiJ. pflo ‘?up> 

As to the Fortner of thefe. it from obfferva- 


tipifp, that clouds, in a veryjhigh.borih, freqheud y move 
at the rate of eighty miles in. aft hour; and, with a mo-r 
deyate wind, about twenty, miles '"% Now when the clouds 

(a J In the Phil. Tranf. there is in accitehilfoOf a ffcorm that was computed to 
move at the rate of three miles in a minute. 

i:.. .• ? r. vis/-: >-w , x» r.'.'j "i• • v*,: ■ 




a 6 o Papers relative to an Accident' 

move at the rate of four or five miles an hour, the wind 
which occafions that motion is, : I apprehend, in general, 
little more than, what is ufually faid to be fenfible: for it 
has been frequently obferved, that a traveller on horfe- 
back muft ride with a pretty good fpeed, to keep pace 
with the' fhadow from a cloud, when it chances to move 
in the direction of his journey, even though the wind at 
fnch a time can fcarcely be faid to blow. 

Now a thunder-cloud, as it is ufually called, moves, as * 
I apprehend, in many cafes at leaft, with a much gi eater 
velocity; and though there may be a few in fiances, 
where fuch clouds move with a lefs, I think, if the mo¬ 
tion of them be put, in general, at four or. five miles an 
hour, it ought to be confidered, in this cafe, as a very 
moderate computation. For thefe reafons, the weight to 
draw the model was'adjufted to that velocity.. 

In regard to the quantity of the fluid, required to 
charge the great cylinder, I found; from many experi¬ 
ments, that, twenty uniform, and rather brhk,tumsof 
the wheel, were the nioft f^youraflle fori the followingr 
experiments; becaufe half a turnin twenty made a far 
lefs difference in the charging; Am half ai turn of the 
fame wheel, when eight on ten .turns only wererequiredr 
and with nearly the fame ieBqifto ;; e ’ ; 
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In obferving this laft rale, proper allowance-was made 
for the different ftates of the air, the ffate of the glafs 
itfelf, and that of the cufhion or rubber, which excited 
the fluid by a proper preffure upon the glafs, joined to 
other circumftances. The mbit material of thefe circum- 
ftances confifted in the cufliion’s having a free communi¬ 
cation with the earth and glafs cylinder, in that part where 
the fridtion was applied ; and alfo a fimilar communication 
between the great cylinder and the oppofite fide of the 
glafs. Now, becaufe three pointed wires conducted the 
fluid readily from the glafs to the great cylinder, I ap¬ 
prehended it was proper to have three fuch points within 
the cuftiion itfelf to conduct the fluid as readily from-the 
earth to the glafs. For thofe points communicated by a 
wire with the well. 

It will appear, that the effects produced by this artifi¬ 
cial method ©f charging the cylinder rauft be yefy dif¬ 
ferent from thofe produced in nature. 

Suppofe a thunder-cloud coming already charged, the 
lightning, from this cloud ftrikes at Purfleet; the fame 
cloud, palling afterwards over other places, will ftritke 
the earth again and again, without any apparent dimi¬ 
nution of the quantity of lightning contained therein, as 
hath been ffequently obf^ryed. ■ But the cafe is not the 
fanse with the great artificial apparatus, becaufe we not 

LI 2 onLj 
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only charge it by degrees; but when a ftroke is taken 
from it, the .greatest part of the charge by far is at that 
inftant taken out of it: and therefore we are conftantly 
under the necelTity of renewing the charge before fucfr 
another ftroke can be taken. 

Befides, thunder-clouds from their nature, and a va*- 
riety of circumftances accompanying them, never affume 1 
the fame drape and fize :• neither are they always at the* 
fame diftance from each other. And yet we are told,, 
that they have been obferved to ftrike from one tot 
another at different diftances, juft as they, happen at the- 
time to be circumftanced. 

For all thefe reafons, I thought it was proper to make ■ 
particular experiments in different cafes, where fome of; 
the circumftances varied.. Arid becaufe a fingle cloudy 
after it hath ftmck any one objedt, fometimes continues 
to difcharge vaft quantities of lightning, I propofed to 
begin.the experiments with - the great cylinder only. 

exp. In. The model (furniffted with the wire of com¬ 
munication, and with tfrepdongeft pointed conductor' 
upon it) being properly placed upon, the long frame,’ and * 
held there in roadinefs to be drawn forward by the line ? 
and ; weight at the other. * end; fcfaeigpeari cylinder wa&,; 
charged by twenty,;turns offtbeiWheelf; On letting go the*' 
model, and almoft at tire inftant before the jx>int, camel 
i. fr„ ■; under 
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under the center of the cylinder, it was fuddenly ftruck 
with t'he matter 'of lightning, and frequently fooner. 
The lealt diftance of the point from the great cylinder,, 
when this ftroke happened, meafured nearly five inches. 
The quantity of charge that remained in the cylinder: 
"was very little to the fenfe of feeling* though taken im- - 
mediately after the ftroke happened. 

exp. xm. On putting into the place of the.pointed- 
conductor one of the fame length* that was rounded at : 
the end, and without any other change of circumfiances, 
the wheel having been turned the fame number of times, > 
I fuffered the model to pafs: the rounded end, in this 
cafe, was not ftruck. However, the inftant after it had ■ 
pafled, the quantity of the charge that remained in the ; 
cylinder was taken in the fame manner by the hand;; 
on the doing of which, the fenfation was more violent', 
than «in the laft experiment* . f - i : 

fifth observation. From the t\vo laft experiments - 
it appears, that though every circumftance was the fame, 
excepting: the different terminations of the two conduc- - 
tors, yetfihe pointedone only was ftruck; notwithftanding : 
they were/both of the fame length, and- pafled at equal < 
diftances from the cylinder. From-whence-we collect, > 
that the quantity of lightning-difeharged from the great •: 
cylinder into thh po©^ekplofibn happened,f 
. ■. v4k 77- 7'" V- fgfgff. . 7 yy 
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was considerably greater than the quantity difcharged 

into the rounded end, when there was no cxplofion. 

At the Jlrft rife of a difference in opinion, refpe&ing 
the proper termination and length for condu&ors, I was 
prevailed upon by feme learned members of the Royal 
Society, in the year 17 64, to publifh my fentiments upon 
■that fubjeCL Accordingly, in a letter addreffed to the 
Marquis of Rockingham (n) (after Rating feveral reafons 
againft; the ufe of points, as I fuppofe they invited the 
lightning) I there recommended that conductors Should 
not only be rounded at their ends, but be made cons¬ 
iderably Ihorter than tbofe which Dr. franklin con¬ 
tended for, and indeed fliould not exceed the higheft 
part of the building. 

In the following experiment, however, I did not place 
the pointed condu&or below, nor upon a level with, the 
higheft part of the building*, but above it, even one- 
ithk^ qf the length of that in the twelfth and thirteenth 
' expefkftlfk* 

EXS.^Yv.3^^ and every 

thing elfe put fame circumftances as in 

the thirteenth experiment the great cylinder was 
charged, by twenty turns of the wheel v Upon letting go 
the model, it paffed the cylinder at the diftance of fevem 
■.inches, , without. being' - Mi ’, _ ifee 'Charge .that 

(a) Phil. Tranfi vol. LIY. V ’ ' ;) . 

Va remained 
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remained in the cylinder at the inftant. after the model 
had paired it, was fo confiderable, that there appeared no 
material difference whether the model thus circum- 
ftanced was fuffered to pafs or not. 

sixth observation .. This laft experiment fhews, 
that a thunder-cloud may pafs a conductor fo circum- 
ftanced without the latter being ftruck, or fuffering the 
leaft injury; which it will not do in other circumflances, , 
that is,.,when ‘the conductor is pointed, and raifed ten 
feet above the building. 

exp. xv. On repeating the fourteenth experiment, , 
but with a rounded conductor, which was three-fourths ; 


of the whole length of that in the twelfth experiment ' 
(all other circumflances remaining the fame) and after • 
charging the cylinder by an equal number of turns, it 
paffed alfo without being ftruck. In this cafe, the re- - 
maining charge in the cylinder was fomething lefs than 1 
in the laft experiment. ; 

seventh observation. This is a further inftarlCe of 


the. advantage derived from having rounded terminations . 
of a given' length upon a building, compared with.;, 
pointed ones; thift s afd bnly two or three feet longer. - 
Haying fo far experienced the differenteffe'ffc sofdif- - 


! ferent te rminatio»iftfhe? pfecodihg experiments; it may. 
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rounded end was (truck. 


But as its diftance from tire 


cylinder, at that inftant, was only one quarter of an inch 


lefts than the didance r 
1 (hall take no farther 


t which the point had been ftruck, 
notice of it in this place; becaule, 


the feveral iirikincy diftanccs of thole different termina¬ 
tions will (in another part of this paper) be correctly af- 
certained, in a different manner, by other experiments. 

We are now to examine, whether the ftroke by light¬ 
ning, which happened at Purfleet, fell firft upon the 
corner of the building where the cramps were affected, 
as hath been repreiented; or whether it did not fall upon 
the point of the conductor itfelf? And if it fell upon the 
point, how could it poffibly aftedt thole cramps, as they 
communication with the main conductor 
which-extended from the top to the bottom of the houfe, 
and of which the gutter below the parapet, that was 
neareft to the cramps, made a part ? 

It muft be remembered, that though in attempting an 
experiment of this kind, we are provided with an appa¬ 
ratus, greater perhaps than was ever conftru&ed before; 
yet, great as it is, it bears but a very fmall proportion to 
that which nature makes ufe of. On this account, we 
muft expedt but very faint appearances compared with 
thofe which are produced by a thui^efMpudiff::Bu't;'-he- 
fore we relate thefe appearances, it may be proper firft to 

dip-l'l ' ' ' fee 
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fee what effedt the charge itfelf has upon the model, 
without any conductor upon it. 

exp. xvi. Upon charging the great cylinder as before, 
that is, by twenty turns of the wheel, and when the 
model, without any conductor upon it, was let go, there 
was no explofion in, or on, any part of it, during the time 
of its palling by the cylinder; notwithlfanding the model 
itfelf was properly connected with metal from the top of 
the roof to the bottom of it, and afterwards to the well. 


exp. xvn. But when the experiment, -with the long 
pointed conductor upon the model, was repeated, and 
after the wheel had been turned an equal number of 
times, the point was ftruck as it palled the cylinder; and, 
at the fame inftant alfo, a very fmall ftream-like explo- 
fion appeared between the two cramps at the comer of 
the' model, darting as it feemed from one to the other, 
hr a direction that was rather 

like appearance, 1 apprehended, was nothing more than 
the effedt of ’a fmall explolion in confequence of themo- 
tiopjqfffhernodeh, b : 


Mr- WYA^p, who is well acquainted with this part? of 
Philofophv, and t&wfhom great obligations are doe from 
me for his very- friendly affillance in the whole of this 


undertaking,, having, ohfbrved'this: appearance, feveral 




yH. 
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times, was curious to confirm the fa6t, left the preju¬ 
dices of vifion, See. might poffibly deceive him. 

The method he took upon this occafion, was to ob- 
ferve an appearance of light along that hip of the roof 
which was next to the comer {truck ; and whether the 
direction of that appearance was different from the di¬ 
rection of the other appearance he had obferved at the 
comer between the two cramps. Thefe appearances he 
endeavoured to afeertain by means of a paper tube,- 
blacked on the infide, that was laid upon a hand of a 
proper height, fo that, when he looked through it; a pin;. 
being fhick upright at the further end thereof, coincided 
with the part in the model he was to examine; that is, 
when the model flood diredtly under the cylinder. Beihg- 
thus circumftanced, and when the comer of the modef 
(during its motion^ paffed the pifi, he faw the direction 
of the light along the hip next the-corner, and alfo be- 
; tween the crampsat the fame time^ and'was pofitive that 
the direction of the light appeared to be downward from 
the roof, and, as he thought, horizontal between the two- 
cramps. Thefe appearances were : obferved by others 
afterwards, exactly as Mr wya-tt. had before defcribed r 
them. 

eighth observation. The fifteenth experiment* 
iliewed, that the comer of,the model, where the-two 

■. 1"; cramps. 
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cramps were inferted, paffed fafely by the charged cy¬ 
linder, without affording even the leaft luminous effedt; 
and confequently proved, that in fuch circumftances the 
two cramps could not poflibly be ftruck, becaufe the 
charge in the cylinder remained the fame, or very nearly 
fo, after the model had paffed, 

NINTH observation. But in the feventeenth experi¬ 
ment, the pointed condu&or was fixed in its place upon 
the model, juft like that at Purfleet; when not only the 
point was ftruck, as the model paffed the cylinder; but, 
at the fame inftant, a fmall explofion was feen between 
the two cramps at the corner. That this light between 
the cramps arofe from a different caufe than wliat had 
been fuggefted by the fecond Purfleet committee, ap¬ 
peared from fome circumftances accompanying that ef¬ 
fect. For example, thefe cramps had no connexion with 
the gutter or fpouts next them, but were quite Separate, 
and at the diftance of fix or feven inches from any me¬ 
tallic communication. And it is well known to philofo- 
phers, that lightning always paffes where it meets with 
the leaft refiftapce; ithey alfb know, that the leaft fe- 
iiftance in the prefect ihftance mufthavebeen 
condudtor at the top to the hips, gutters, and fpout, and 
fo on to the wire at the bottom to tire well. 
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According to this law, the cramps themfeives, then, 
were not properly circunaftanced to receive the fluid as it 
palled to the earth, on account of the metallic communi¬ 
cation, defcribed above, being interrupted more than fix 
inches. 

A i'.other caufe therefore was neceffary to explain the 
appearance; I mean that which is called th t lateral ef¬ 
fect; a term lately adopted, in confequence of an expe¬ 
riment I made near thirty years ago with the Leydefi 
phial (which experiment has fince been improved upon 
by Dr. priest let): and though a charged glafs (for 
filch I call the Leyden phial) is by no means fimilar to 
the great cylinder when charged, for reafons that have 
been, already published yet in the courfe of thefe ex¬ 
periments I apprehended the lateral effect produced with 
the charged glafs might be confidered in feme refpedfcs 
as an illuftration of the lateral effebt which had been ob- 

But, not to reft this very-material fadt upon aiiy doubt- 
ful opinion that may poffibty. be entertained refpe£ting 
its existence, other experiments will be produced., that 
may explain this matter more fatisfabtoriiy. ' , .i 

(i>) Farther Experiments and <3BE*?ations apoji'Lightnirtg, By Benjamis 
wilson, publifliedin 1.774. : ' -A;:■o'-i.vd.'ipAb• - : C.A c' ...V; : . 
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Before thefe experiments are related, it is proper to 
mention a material tircnmftance, which hath hitherto 
been unnoticed. 

At the time the accident happened at Purfleet, a great 
quantity of rain fell, by which the walls of the Board- 
houfe, being made very wet, were difpofed to admit 
more readily the lightning palling upon the furface, 
though yet not fo readily as a covering of metal would 
have done. This particular circumftan'ce of the fain Will 
be attended to in its place. 

But firft it may be proper to fliew the effects of a me¬ 
tallic communication. 

To this end, I covered the top of the parapet quite 
round With tin-foil; and becaufe the copeing proje&ed a 
little over the parapet, under which no rain could poffi- ; 
bly get, I left a fmall interval, proportional to it,‘ unco¬ 
vered with that metal. This interval was on the oppolife 
fide of the model, which anfwered to the South-fide of 
the building where the other fpouts were fixed. Then 
from that interval I palled a broad flip Of tin-foil down 
to the bottom of the^ model, whfeare having fixed a fmall 
brafs llaple to hoot a wirBupdn, I-fastened the other end 
of it to the the VfeH. At - 

the fame time cafe was taken to fallen ahother Wire hi -• 
the fame manner, whk^- ; ffefellihnfeathd Ml ft the oppo- - 
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fite fide -of the model. This wire was intended to anfwer 
the purpofe of a fpout in the building at Purfleet towards 
the South. 

Befides thefe precautions, there remained another cir- 
cumftance to .be attended to, refpedting motion: for fe- 
veral gentlemen had obferved, that clouds in a thunder- 
ftorm are not always in motion; or at leaft not in the de¬ 
gree of motion which has been reprefented in the pre¬ 
ceding experiment. To obviate that objection, I propofed 
to repeat thofe experiments when the model was at reft. 
In order to prepare the whole apparatus in the moft pro¬ 
per manner for this purpofe, it was neceffary to attend to 
the circumftances that are obferved in nature. 

For when a cloud comes ready charged, and ftrikes 
another cloud with the matter of lightning, there muft 
be a certain diftance at which that effedt muft take place; 
and this we therefore call the greateft, or the ftriking 
diftance. j Now, to produce fimilar effects, our artificial 
apparatus muft conftft of two parts at leaft, to reprefent 
fuch clouds: and thofe pafts muft he fo difpofed as not 
to exceed the greateft diftance at which they will ftrike, 
when the largeft part, or fubftitute, is properly charged: 
nor muft the diftance between them be lefs, for reafons 
that will appear prefently. ; And therefore, to make the 
experiment correlpond require fome 

V ry/fdbr trouble 
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trouble to adjuft this diftance between the two fubftitutes. 
Now the diftance between them will depend upon the 
quantity of the charge given, and the method to deter¬ 
mine that diftance may be found by removing one fub- 
ftitute from the other fo far as not to-caufe any previous 
or partial explofions before the great ftxoke happens; 
and when it does happen, it mult not only ftrike between, 
the fubftitutes, but, at the fame inftant, between the re¬ 
mote end of the lefts, ft.ibftd.tute and the objedt oppofted; 
to it. 

exp. xv-iii. To each end of a flender fubftitute made' 
of wood, about eleven feet in length, and fomething lefts 
than one inch in diameter, was fixed a ball of the fame 
matter. The larger of thefe meafured three inches in 
diameter, and the leffter one inch nine-tenths. The exadt 
meafure of thefe balls was attended to the more, in fome 
of the experiments, becaufe Mr. naixne has given a de~- 
fcription of an apparatus in the Phil. Tranf. vol; LXIV;. 
part 1. p. 87 and 88. to which this is nearly fimilar. Hav¬ 
ing covered the whole of this flender fubftitnte with ti n - • 
Ibii, it was then fupported near the center by a flender 
frame of wood upon a pillar of glafs, to adjuft: it tothe 
height and diftance required. The larger ball was then 4 
brought within one inch and a>quarter, (and fometimes'. 
. ab : a h; gyeater ■..difts^ . inch, .nine- 
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tenths in diameter, that was covered with the fame metal, 
and projected from the center of the nearer end of the 
great cylinder by a kind of Item made of wood, and co¬ 
vered with tin-foil alfo, which was fix or feven inches 
long. Being fo prepared, the model was fet upon a table, 
diredtly under the ball at the remote end of the lefs 
fubftitute, with the pointed conductor upon it: and all 
the wires were properly connected, fo. as to make a free 
communication, between the model and the well. 


Nothing now remained but to put the machine in mo¬ 
tion; when, after ten turns of the wheel, the point upon 
the paocfel was tack at the diftance of four inches, 
jua twelfth experiment, where the model was in 
poi^,'^p l truck i at the, diftapce of five inches 
nearly from the cylinder. , Thi^ ditaeope of diftance in 
thefei two exper imqpt^leefl^d to, arife ch^fly from a dif¬ 
ference., in the ftatm of the^ai^ .ii: beings rather unfa- 

exp. xix. Howev§|-x %P^ the ftate 

of ; ta^,5Ur. laft expe¬ 

riment, and, ohlerv^d; tha| ; ,tkf ^ Bbfnt was ftruck at fix 


inches and one '. v . i 

During this lh ess^ment, a perfon, flooding, upon- 
the wire of communicajjqn, pjaced his finger in copta* 
wish the pointed conductor (ncar,tlsol^ W ),at tire time 
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the ftroke happened, when he received a blow, uncom¬ 
monly violent, infomuch that" he thought it exceeded 
greatly what he had ever experienced from the great 

n 

cylinder only. 

exp. xx. I now repeated the eighteenth experimenty 
and attending only to the two cramps at the comer, there 
appeared, at the inftant when the point was ftruck, a 
fmall fpark or explofion between them: which clearly 
lliewed, that the ftream-like explofion, obferved in the 
feventeenth experiment, was only this fmall fpark ac¬ 
companied with the circumftance of the motion of the 
model. 

TENTH observation. From what we have now ex¬ 
perienced it appears, that thunder-clouds, even at reft, 
and that ftrike each other at a given diftance with the 
matter of lightning, occafion the fame phenomena 
nearly which a fin-gle cloud produces when motion is 
introduced. 

exp. xxi. When the diftance between the two fub- 
fhtotes was made lefs in any degree than the greateft 
ftriking diftance (in proportion to its diminution the cir- 
cumftances were lefs fimilar to thofe in nature) it tnade a 
confiderable difference in the effects; becaufe the fluid 
in thefe cafes paffed more freely from the greater to the 
lefs fubftitute: and the freer, it, palled into the latter, 

VOL.X.XVIII. Nn ' ' " tlie 
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the nearer they approached to he one fubftitute. So that 
bringing the two fubftitutls into contact, occafioned the 
fame phenomena that the great cylinder did alone: that 
is, the rounded end woul#caufe an explofion at a conii- 
derable diftance; and the point little or none, notwith- 
ftanding it was brought almoft clofe to the fubftitute. 

exp. xxii. But if motion in this cafe was introduced, 
during the contact of the two fubftitutes, the point was 
ftruck at nine inches and an half diftance from the ball. 
The motion employed upon this occafion was by the 
hand only, which held a proper ftand with the point 
upon it; and this point communicated by a wire with 
the well. 

eleventh observation. Now the nearer the two 
fubftitutes were brought together, the nearer they re¬ 
presented one cloud; and, confequently, as hath been 
obferved before, the matter of lightning would pafs from 
one to the other in thefe cafes more readily, and without 
permitting fo great an accumulation to take place as was 
experienced in the nineteenth experiment, when the fe~ 
parated fubftitutes ftruckat thegreateft diftance. 

To occaiion fuch a ftroke, it is not only neceflary to 
have an accumulation of the flruidj*but that accumula- 
tion muft be kept up, as it were, and fecreafed fuddehly, 
before a ftroke in this cafe can 
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appeared manifeftly by the motion introduced in the 
twenty-fecond experiment, where the two fubfhtutes 
were united: for the refinance at a point being feeble, 
when in this experiment a point was fuddenly brought 
towards the ball at the end of the great apparatus 
in charge, the whole of that charge mud of confe- 
quence rufh towards the point in an inftant, to difcharge 
itfelf into the earth. This, I apprehend, was the true 
reafon why we obtained an explofion at the diftance of 
nine inches, and an half. 

Having now gone through the experiments where 
points were introduced, we fhall next relate the feveral 
experiments where other terminations were ufed. By 
this method of proceeding, we fhall be able to form a 
proper judgement what kind of conductors are the moft 
advantageous for fecuring buildings, &c. 

exp. xxin. On repeating the eighteenth experiment, 
but with a rounded conductor upon the model, every 
other circumftance continuing the fame, and the model 
at reft, the greateft diftance at which it Was ftruck (in 
confequence of ten or eleven turns) was not more than 
'three.quarteis:*^^ -r ■■ 

■Mavt if we compare this diftance with that at which 
the point was ftruck in the eighteenth experiment, the 
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But this and the eighteenth experiment were repeated 
many times afterwards, for many days together, and 
when the ftate of the air at each trial was very different; 
on which accounts the refults of thofe experiments va*. 
ried as follows. 


Sharp point, 
inches. 




Rounded end. 

!■ of an inch., 

o 


T 

8 * 

4 

10 


i o 


Immediately after relating the nineteenth experiment,, 
mention was made of the fenfation or blow that was re¬ 
ceived by a perfon who had brought his finger into con¬ 
tact with the pointed conductor at the time the rftroke 

\ 'Kf ■ , , , 

happened. The experiment was repeated here with the 
rounded end; but the fenfation or blow received (as Well 
as the explbfion) was confiderably weaker in this cafe; 

exp. XXIV. When the twenty-third experiment was 
repeated, and* the rounded end ftrack at three quarters 
of an inch, the fame kind of fpafk appeared between 
the two cramps as in the twentieth experiment when 
the point was ufed; but in this experiment with the 

. ; ■ , , rounded 
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rounded end the. fpark at the cramps appeared confidera- 
bly lefs to every obferver. 

exp. xxv. Upon repeating the twenty-firft experi¬ 
ment where the two fubftitutes were brought into con- 
tadt, every other circumftance remaining the fame, the 
rounded end was ftruck at the fame diftance nearly as 
when a fpark was taken by a larger metal ball (fuppofe 
three inches in diameter) from any part of the great 
cylinder when equally charged : for in this cafe the two 
fubftitutes, being, in contadt, made, in reality but one- 

great fubftitute., • 

exp. xxvi. I now repeated the tw r enty-fecond experi¬ 


ment, where motion was introduced; and without any 
other change of circumftances than putting in the place 
of the point the rounded end. Upon this occafion, as. 
well as upon the former, the fame perfon moved the 
Hand with the rounded end upon it, and with the fame 
velocity (as near as he and others prefent could judge) but 
not belore the conne&ed fubftitutes were fully, cliargrd 


by nn equal number of turns. The. inftant that the 
rounded ;en4iapEP>aaied within. a certain diftance of the 
ball at the end of the lets fubftitutes it ftruck.; but; tile 
explofion feemed inferior to that which, the point occa¬ 


sioned at the diftance nine and an half. In this 

experiment the diftance befv|||ii the. 
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ball was not more than fix inches and an half. From which 
it appears, that even in thofe circumftances the point was 
ftruck at a greater diftance than the rounded end in the 
proportion of nine and an half to fix and an half. 

exp. xxvri. It has been obferved in a former part of 
this paper, that a great quantity of rain fell when the 
.accident happened at Purfleet; as this circumftance 
feemed to be material, it was proper to put the^ model 
into a fimilar fituation; and therefore, after removing the 
tin-foil upon, the parapet, I waflied the model all over 
with a fponge; and, .whilft it continued in this date, the 
machine was put into motion: after ten turns of the 
wheel, the point was ftruck at five inches diftance. In 
confequence of this, a fmall explofion (more vivid 
than in the fevenieenth experiment) appeared, not only 
between the cramps; but ahb another was feen,ftill more 
vivid, at the inner comer of the parapk, neareft to the 
cramps, darting, as it feemed, from the fitter up to the 
cramps;.':’,, ■*,. .■ , . 

exp, xxvili. Upon patting tin-foil upon the top of 
the parapet quite round the model, as had been done 

* , 1 ' 1 “t 1 ■’ " ? 

before, and moiftening the inner part oft the parapet 
down to the gutter, the ftrake; was again received by the 
point, when tire lame appearances were obferved as in 
the laft experiment, ' . .;■ : y;, ^., 

1 " >■=.! v..■ 
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exp. xxix. I then made a metallic communication, 
between the top of -.he parapet down to the gutter: after 
this the experimev. was repeated. And though the point 
was ffcruck at five inches diftaiice, there was no fpark 
whatfoever, either between the cramps or at the inner 
comer next to the gutter. 

twelfth observation. From thefe laft experiments 
it appeared, that rain contributed to make the lateral effect 
greater at the corner, by forming a better communica¬ 
tion between the cramps and the gutter,, than the dry- 
materials of brick and ftone admitted of. But it alfo ap¬ 
peared that, when the communication between the gut¬ 
ter and cramps was rendered more perfect by a flip of 
tin-foil that was interpofed between them, that lateral 
effedt ceafed at the cramps; becaufe a ftill freer paflage 
was made for the fluid to difcharge itfelf through; not 
only along the flip of metal commpnicating. with the- 
gutters and the tin-foil quite round the parapet,, but alfo- 
along the tin-foil down the fide of the model, from* 
whence it was conveyed by the wire to the well. 

exp.’ xxx. Ail objection having been made, that the* 
wire communicating from* the bottom of the model to^ 


the well, as. it confided of feveral diflindk parts,, occa— 


fioned a refiftance at each of the junctions*, and therefore: 
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the validity of this objection, a new communication was 
now made from-the model to the well, confining of one 
entire wire, pointed at the end, with which I repeated the 
experiment of palling the model; and finding no lenfi- 
ble difference from the former refults, 1 then, in orcier 
iq apply a rounded end to this perfect communication, 
had the pointed conductor, which was previoufly made • 
fife of, foldered on to the end of the wire inftead of the 
other point; and to this conductor fo foldered I occa- 
fionally applied the fmall ball which was ufed in the for¬ 
mer experiments, and which has hitherto been called the 
rounded end. It was made to fit upon the point of the 
foldered conductor by means of a focket, fo as to render 
the communication perfeft. With thefe different termi¬ 
nations, and thus circumftanced, all the experiments 
were repeated; and it was found, that the refults wei e 
rather more in favopr of the do&rine hitherto advanced, 

• tharr ^fbre the communication was made fo perfect. 

' ' ohjeaed, that the motion of the 

model employed in thefe experiments was confiderably 
greater than the motion of a thunder-cloud, I made the 
following experiment. 

exp. xxxrfW#wfiight which moved-the model in, 
the preceding experiment fits gradually reduced till it 
was nearly balanced by the" fo&ioh; and when the 

motion 
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motion was rendered fo flow as feven feet feven inches in 
feven feconds, it was very little accelerated; and in this 
ftate the great cylinder being charged, the model was 
fuffered to pafs: and though the velocity was lefs than 
three quarters of a mile in an hour, the point was ftruck. 
This experiment was repeated feveral times, with the 
fame fuccefs, in the prefence of feveral gentlemen. 

Having made two other experiments, refpefting the 
different terminations of conductors, and in very different 
circumftances from any that have been yet related, I 
lhall here give an account of them. 

exp. xxxii. When the great ball of the lefs fub- 
flitute was placed at the greateft ftriking diftance from 
the ball at the end of the great cylinder, I fixed a needle 
into the under fide of the remote end of the lefs fub- 
ftitute, with the point downwards: oppofite to this point, 
and upon the fame ffcand defcribed in the twenty-fecond 
experiment, was fixed another needle; fo that the two 
points were oppofed to each other.. The fpace between 
them was varied from time to time, in order to find the 
greateft diftance at which the lower one could be ftruck. 
Upon charging the great cylinder it appeared, that the 
greateft diftance in this cafe was five inches and a 
quarter. 

Vol. LXVIII. O o 
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exp. xxxiii. Upon repeating this experiment, whilft 
every circumftance remained the fame, excepting that, 
inftead of the point below, a rounded end was put in its 
place, and after charging the cylinder again, it appeared, 
that the greateft diftance, at which the lightning (from 
the needle) ftruck the rounded end, was not more than 
two inches and three quarters. And the largenefs of the 
fpark, as likewife the loudnefs of the explofion, appeared 
to be lefs considerable than in the thirty-fecond experi¬ 
ment. 

The reafon for fixing the needle at the end of the lefs 
fnbftitute with the point downward, was to reprefent 
a fragment or jagged part of a cloud, which fome- 
times hangs down towards the earthy and, as Dr, 
franklin and others have fuppofed, ferves as a kind 
of ftepping-ftone for the lightning to pafs more readily, 
and in a filent manner, from a charged cloud to a 
a pointed conductor underneath it. But we fee, from the 
two laft experiments, the lightning does not pafs in a 
filent manner, becaufe the point below, as well as the 
rounded end, was always ftruck, and the former at twice 
the diftance nearly of that of the latter.. 

That two points oppofed to each otherin the manner, 
defcribed above, ftiould ever occafion a ftroke of light¬ 
ning, may perhaps appear ftrange to thofe who are not' 

very 
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very well acquainted with this fubje<ft. However, I have 
related it not only as it is a fadt of a very curious kind, 
but as the confequences which may be drawn from it 
feem to be confiderable. 

During the courfe of this inquiry, having occafion to 
try fome experiments in the dark, I obferved a curious 
circumftance, which feemed to fliew, that a point had a 
far greater influence upon the charged fubftitute, in cer¬ 
tain circumftances, than a rounded end had when it was 
placed in the fame fltuation. 

exp. xxxiv. The circumftance alluded to was an ap¬ 
pearance of light upon the brafs ball (for fo I call it, to 
be more clear in the defcription) that was fixed at the 
end of the great cylinder, when the copper ball (for fo I 
call that for the fame reafon) of the lefs fubftitute was 
oppofed to it at the greatefl ftriking diftance, as in the 
eighteenth experiment, every other circumftance re- 
maing the fame; and whilft the model, with its pointed 
conductor, flood upon the table diredlly under the tin 
ball that was fixed at the remote end of the lefs fubfti¬ 
tute: for foon after feven or eight turns of the wheel, a 
light began to appear on the brafs ball, and continued to 
increafe in brightnefs till the moment it burft forth in an 
explofion towards the copper ball. The part of the brafs 

O02 ph 
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on which the light appeared was that next to the copper 
ball: and the general appearance of it was round, and 
fometimes more than half an inch in diameter. It 
did not fend forth rays or ftreams that were luminous; 
neither did it extend beyond the furface; or the diftance 
to which it did extend was fo inconfiderable, as to feem 
incapable of being afcertained, even at the inftant before 
the explolion, when it was moft vivid; though at that 
time there did appear fomething like a fmall fwell 
towards the centre, as if it was making an effort to get 
out. Whenever the wheel was hopped fuddenly, or the 
motion of it decreafed, the light retired on the inftant, 
and totally vanifhed: but when the motion of the wheel 
was renewed for a little time, the light returned as be¬ 
fore. The whole time that this appearance continued, 
was never more than five or fix feconds : reckoning from 
the moment it was firft feen, to the inftant when the ex- 
plofion happened. The diftance between the point and 
the tin ball meafured three inches and a quarter! There 
was no fuch appearance on the copper ball; nor is it eafy 
to conceive how there ever fhould, when all the circum- 
fiances are taken into confideration. 

exp-, xxxv. Upon repeating this experiment with a 
rounded end, inftead of a point, and at the fame diftance 
from the tin ball, notwithftanding every other circum- 

ftance 
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ftance continued the fame, there was no fuch ap- 
pearance. 

EX p. xxxvi. But when the rounded end was moved 
confiderably nearer, that is, within fix-tenths of an inch, 
a light was vifible; but then it was faint, and not more 
than one-tenth of an inch in diameter, even at the in- 
ftant before the explofion happened. 

thirteenth observation. By the firft of thefe ex¬ 
periments it appears, that the influence which the point 
had upon the whole of the fluid contained in the great 
cylinder, was fuch as to caufe a general tendency of it. 
towards the lefs fubftitute; but, on account of the re¬ 
finance which feemed to operate at the furface of the 
brafs ball, it was there flopped, and by degrees accumu¬ 
lated, till fuch time as the accumulation was great 
enough to overcome that refiftance. Now, according to. 
this manner of reafoning, the point did not draw the fluid 
out of the great cylinder filently; but when the accumu¬ 
lation had got to a fufficient degree, a hidden explofion 
enfued, more or lefs violent,- according to the circum- 
ftances which accompanied the experiment. 

fourteenth observation. From the other experi¬ 
ment it appears, that the rounded end had not fo great 
an influence as-the point upon the charge in the cylin¬ 
der,: becaufe we were obliged to bring,it. five times 
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nearer before any light could be perceived at all; and 
even then it was fo faint and inconfiderable in its diame¬ 


ter (rather lefs than one tenth of an inch) compared with 
the other light produced by the influence of the point, 
that it manifeftly confirmed tire truth of the laft obfer- 


vation. 

Thefe facts being in my opinion fo clear and fatisfac- 
tory in regard to the great objeCt we have had in view, 
I think that any farther experiments refpeCting the na¬ 
ture and ufe of conductors are unneceflary, I fhall 
therefore proceed to make fome general deductions from 
what has been already related. 

It feems to be clear, that in all experiments made with 
pointed and rounded conductors (provided the circum- 
ftances be the fame in both) the rounded ones are by far 
the fafer of the two, whether the lightning proceed 
from one or more clouds; that thofe are ftill more fafe, 
which (inftead of being, as Dr. franklin recommends, 
ten feet high) are very little, if at all, above the higheft 
part of the building itfelf; and that this fafety arifes from 
the greater refiftance exerted at the larger furface. 

The luminous appearance at the end of the brafs ball, 
occasioned by the point in the thirty-fourth experiment, 
manifeftly fhewed that there was an accumulation of the 
-fluid within that part of the ball, in confequence of foine 

refiftance: 
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refinance: for when the refinance at the furface of the 
brafs ball was at laft overcome by the influence the point 
had upon the charge, the explofion took place imme¬ 
diately ; and that, not only between the two fubftitutes, 
but alfo between the end of the lefs fubftitute and the 
point* 

A cloud, therefore, that happens to be charged, and 
within the ftriking diftance of another cloud which is 
not charged, and alfo equally within the influence of a 
pointed conductor, muft neceffarily produce fimilar ef¬ 
fects with thofe. mentioned in the thirty-fourth experi. 
menti¬ 
on the other hand, clouds that are circumftanced like 
thofe above, and not within the influence of a rounded 
conductor, will pafs quietly over fuch a termination, and 
without any explofion. 

Nor can any one, at all acquainted with fubjedls of 
this kind, want to be reminded, how far the effects of 
experiments, made within the limited power of fuch an 
apparatus, muft differ in degree from thofe which are 
exhibited in the great and wonderful phaenomena of . 
mature. ' • . • 

If I could grant to thofe who object to the motion 
employed in feme of thefe experiments, dhatrt a dou<| . 
charged with lightning, and motionlefs, may impend; 


over 
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over a building; it muft neverthelefs be allowed, that 
clouds are generally obferved to move with confiderable 
velocity; fo that when the velocity is from three quar¬ 
ters of a mile or fomething lefs, to four or five .miles or 
more in an hour, the pointed conductor is always ftruck 
by the charge contained in the great cylinder. And the 
experiments which have been made by the addition of 
the lefs fubftitute fliew alfo, that no fecurity can be 
expedted from a pointed condudtor when a thunder¬ 
cloud is even entirely at reft. 

UPON ACCELERATION, AND ITS EFFECTS. 

From confidering the extraordinary effedts which have 
fometimes been produced upon grofs matter by light¬ 
ning, and the diftance there frequently is between'thun¬ 
der-clouds and the earth, when fuch effedts take place, I 
fufpedted that thofe effects might in fome degree be 
owing to an increafe of the velocity of the fluid which 
produced them. 

To try whether this was really fo, it feemed neceflary 
to have an apparatus of a far greater length than the 
great cylinder: I therefore made ufe occafionaHy of the 
long wire which has been already defcribed. 


EXP. 
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exp. xxxvii. Upon connecting one end of this long 
^ire with the farther end of the great cylinder, and the 
other with one end of the brafs drums; I found, that 
about fix uniform turns of the wheel, with a moderate 
velocity, were required to caufe the appearance of a fmall 
team of light at the top of the fpout defcribed in the 
firft experiment, when the model, with the pointed con- 
duaorupon.it, flood direaiy under the great cylinder, 

but at the diftance of five inches. 

exp. xxxviii. When the great cylinder was uncon- 
neaed with the long wire and brafs drums, and whilft the 
model, with the fame condu&or upon it, remained in its 
place; about two turns, with the fame velocity, were Ef¬ 
ficient to charge the great cylinder, fo as to caufe a fimi- 

lar appearance at the fpout. 

exp. xxxix. On feparating the great cylinder from a 
Fourteenth part of it (which fourteenth part for the pre- ' 
fent I call the little cylinder) the model and machine con¬ 
tinuing in their places, it was found, that half a turn of 
the Wheel Was Efficient to charge the little cylinder, fo 
as to caufe thfedike appearance at the fpout. 

fifteenth observation. Now thefe differences in 
the numbers of turns required for caufing fimilar ap¬ 
pearances, when the feveral charges were given in the 
thirty-feventh and thirty-eighth experiments, cpdffinot 

vol. Lxvixi. p p 
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arife from a difference in the quantity of metallic matter 
contained in the refpe&ive fubftitutes-; becaufe the tin- 
foil which covered the great cylinder (independent of 
the nails and wood it contained) was found to be-near 
three times heavier than the weight of the whole-wire. 

Neither could thefe differences be owing,to a dif¬ 
ference in the quantity of .furface-of the refpe&ive fub¬ 
ftitutes; becaufe the furface of the great cylinder was 
found to be ten times greater than the furface of the. 
wire. 

Thofe feveral differences muft therefore depend upon 
fome other caufe; and, as a true knowledge of this caufe 
may be of fome moment in the prefent inquiry, we muft 
endeavour to find it out by experiments and obfervations. 

To this end it may be neceffary, that our inquiry 
ftiould begin from an early part of this fubjedt, fb that 
we may proceed regularly, ftep by ftep, as nature diredts. 
By pmfuing this method (though it is propofed to be 
done very , generally on account of the length . of this 
paper) we may poflibly arrive at the knowledge of the 
caufe in queftion, and ihorten the road to the main ob¬ 
ject in view; I mean, the effedts of comparative velocities. 

From the nature, of this fubtile and elaftic fluid, and 
its being diffufed throughout the whole earth as well as 
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the air furrounding it, the leaft violence exerted muft 
neceflarily difturb it. 

And although experience hath taught us how to vary 
the natural quantity of this fluid in many fubftances, in 
confequence of violence; yet the fame experience hath 
likewife taught us, that we cannot increafe that quantity 
in any particular fubftance, without taking it from the 
general flock contained in the earth or air furrounding it' 
and therefore, when this fluid is fo increafed, it may be 
properly faid to be in an unnatural ftate; and whilft it 
remains fo, muft (from its elaftic principle) be always 
endeavouring to recover its natural one. 

But experience hath alfo taught us, that metal, for 
example, hath a property of receiving the fluid more 
readily, whenever it is difturbed, than moft other fub¬ 
ftances : for which reafon a notion hath prevailed with 
many, that this property of metal arifes from a power of 
attra6lion, which they fuppofe it poflefles in a greater 
degree than any other fubftance. 

If this philofophy were true, it would follow, that the 
fame power which attradled the fluid into the metal 
ought to keep it there: for it cannot be fuppofed to attract 
the fluid at one time, and then let it go at another; this 
would be abfurd, and contrary to experience. We muft:, 
therefore try to find a better reafon why metal is poflefted 

Pp2 " 'fh.'”: .j _ Jjwith' 
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with the property of receiving this fluid more readily 

than other fubftances. 

exp. xl. When the great cylinder, with the wire and 
brafs drums, were charged with a very fmall quantity of 
this fluid, by the wheel being turned fomething lefs than 
a quarter round, there was, the moment after, a vifible 
explofion, and a fenfible effect perceived at the remote 
end of the wire. When half a turn was given, thefe 
effects were greater; and, after a whole turn, the quantity 
of the fluid accumulated in this great apparatus was in- 
creafed conflderably. 

sixteenth observation. Now, fomething, mult 
have hindered the fluid from getting out of the cylinder 
and wire all the time they were charging, otherwife we 
fliould not have been able to have caufed the leaft accu¬ 
mulation ; for, from the nature of this fluid, there can¬ 
not be any accumulation without fome refiftance to occa- 
fion it. And whatever the nature of that refiftance may 
be, experiments fhew, thaflthere are certain bounds pre- 
fcribed to its-power of adting, and which in particular 
circumftances feem to be very eafily furmounted. 

From Sir Isaac newton’s obfervations (e \ and a great 
variety of experiments made fince his time, we colled, 
that this principle of refiftance is probably exerted at, or 

(c) newton’s Optics, p. 240 , 241, and 373 .' : 

very 
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very near, the furfaces of bodies, and extends only to 
very fmall diftances from them. 

It feems then, that it is by this kind of refiftance at 
the furface of bodies, that the fluid is prevented from 
efcaping out of the great cylinder and wire, wkilft it is 
accumulating within them: and therefore,.when we be¬ 
gin to charge the great apparatus at the nearer end, the 
moment any part of the charge arrives at the farther 
end of the wire, it is prevented (in fome degree at leaft) 
from efcaping, in confequence of the refiftance it meets 
with at that end. And, if we continue to make the 
charge greater, the charge itfelf, during its increafe, muft 
alfo refift every farther effort which any ways tends to 
make it greater, with a force probably proportional to 
the quantity accumulated. 

exp. xli. When the great cylinder and wire with the 
drams were fully charged, and a perfon* ftanding upon 
the wire which communicated with the well, fuddenly 
approached the brafs drums with his hand, an explofion 
enfued, which indeed was neither fo large, nor did it 
take place at fo great a diftance,, as might have been ex- • 
pedted^; neverthelefs, the perfon received a violent fen- 

(d) The circumftances attending the explofion in this experiment were cer¬ 
tainly owing to the long wire being not entire, but confifting of feveral pieces 
twifted together, the ends of which, being very many, riittfi have caufed a con- 
fiderable part of the fluid to efcape, and fo have weakened the general effea. 

7 / ■ fation*. 
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- fatten, not unlike that produced by the Leyden phial, as 
it affedted his body quite -through, from the hand that 
took the difcharge to the feet that flood upon the wire. 

exp. -XLii. Upon repeating the above experiment, 

• with the great cylinder only, and when it was fully 
, charged, the explofion appeared ftrongerfand thediftance 

it ftruck at greater, than in the other cafe; and yet the 
. fenfation received was not near fo violent as when the 
long wire was connected with-it. 

exp. xliii. When the -little cylinder by itfelf was 
fully charged, the effedts were very inconfiderable, com¬ 
pared with-thofe from the great cylinder: for, in this 
cafe, the perfon handing upon the wire of communication 
was affedted in his hand only, and that no farther than 

• the wrift. Thefe three experiments were repeated many 
times by different perfons, and the.refults were nearly 
the fame. 

seventeenth observation. When all the circum- 
ftances in the two laft experiments are confidered, we 
may fafeiy conclude, that the difference in the fenfation, 
produced by the two cylinders, could arife from no other 
caufe than a difference in their lengths; the one being 
fourteen times longer than the other, and both in other 
;relpe<fls nearly fimilar; and fince the fenfation perceived 
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in the thirty-eighth experiment, where the long wire 
was employed, was -confiderably greater than when the 

great cylinder alone was charged, we feem to have fuf~ 
ficient reafon to apprehend that the efleets of every 
charge, as to fenfation, will be proportional to the length 
of the body charged; provided the charge (or accumula¬ 
tion) be uniform from end to end in every experiment. . 

Apprehending that, if fome of the circumftances em¬ 
ployed in producing the. charge were varied, we might 
poflibly obtain a greater charge than we had yet. found, 
I made the following experiments. 

exp. xliv. Inftead of one- machine to charge the 
great apparatus I made ufe of two. The glafs cylinders 
belonging to each were of the fame length and diameter 
nearly. One of thofe machines was-continued in its 
ufual place, which was not far from the nearer end of 
the great cylinder. .The other flood at the farther end of 
the brafs drums. After connecting the long .wire with 
the great cylinder, and brafs drums, in the manner before 
deferibed, the wheels of both machines were put into 
motion, with equal and uniform velocities: and after 
fix turns of each wheel (for I could not prevail upon 
any one prefent at the time to take a higher charge), 
and, ,after waiting above eight feconds, a perfon fud- 
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denly approached the brafs drums with his hand; imme¬ 
diately an explolion took place, and a difagreeable fenfa¬ 
tion was perceived. The difcharge was then made at the 
nearer end of the great cylinder, and there feemed to be 
no difference in the effedt. 

exp. xlv. Upon repeating the experiment with one 
machine only, and after the fame number of turns of 
the wheel with the fame velocity, and after waiting above 
eight feconds alfo, the fame perfon fuddenly caufed an 
explolion with the fame hand. But the fenfation in con- 
fequence of it was very different from the laft experi¬ 
ment; for he declared it was little more (if that) than 
half as violent. Thefe laft experiments were alfo re¬ 
peated feveral times by another perfon, who gave the 
fame account of the refults'H 

exp. xl vi. I now charged the long wire only and 
fully, and with one machine: the explolion, in this cafe, 
appeared not very large, but of a reddilhhue; and the dis¬ 
tance it ftruck at was not more than one inch and an half; 
however, the fenfation acrofs the body was at that inftant 

(e) On re-coniidering thefe two laft experiments I find, that inftead of 
.giving fix toms to the wheel, in the laft experiment, I ought to have given 
twelve, in order to make any comparifon between the effects of the two expe¬ 
riments : I therefore fimply relate the experiments as they were made, without 
making any deductions from them, * 

ftiarp 
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EXPLANATION O F T H E COLUMNS. 




ift, J’TT'HE date 1 

A 2d, The height of the thermometer, according 


0X11 •— — 

therm eter belonged to Mr. russell, and hung in the open air in the balcony. 

3d, including four columns, contains the regifler of the marine barometers, all of 
which, as well as the thermometers, were made by nairne and blunt: thofe marked ^ 
B. and D are quickfilver, of the kind niually made by them. That marked S is compounded 
of quickfilver, and of a lighter fluid, for the pur pole of making the alterations more < 
vifible, which is a very great convenience at fea; a quickfflver thermometer being fixed to *. 
it for the fake of correding its height, the heat by which is fet down in the column * 
marked Th. next to that marked S. - ^ 

4th, The weather and winds in four lines; ift line from noon to 6 P.M.; 2d, from t 
6 p.M. to-midnight; 3d, from midnight to 6 a.m. ; 4th, from 6 a.m. to noon. ' v 

In the column of weather, f. denotes fair ; fq. fqually ; c. cloudy ; h. hazy\ r. rain ; hr y 
hard rain \ ft. /mall rain ; dr. r. drizling rabt fh. Jhowers \ th. thunder \ 1. lightning. ; ^ 

It is proper to remark, that the winds are fet down according to the compafs, without -any £ 
;allowance for the Variation . ■ ' ' * p 

llfy® differ cube. between the daily alteration of latitude by account and obfer* j£ 
obfervation was to the Northward of the account ; S, that It * 

7 , . i ■ f 


to Fahrenheit’s fcale. ■ This 


iu tie orfgifial journal ttic davs of tile week and 

(b) . "Next ^.:theIeEdc3^&^, ^ !®8 i 

-• 1 - ©.issti 

>'--/ f.yr" v 

^jfereijcfe"!tof iiiSiepfe'ky 


.....v.ying, -which, are left out here only for want of rooms 
il;^g'f^:'dl5ereiitcourfes reduced to one ftraight coarfe 






* 9 - 


1, m minutes of -a degree. 


6th in 2, The difference between the daily alteration of longitude by the account and 
time-keeper ; W. denoting that the longitude by the time-keeper was to the Wejlward of 
account \ E. that it was to the Eajlward. 

The refult of thofe differences indicates the daily effedt of current; however an 
error in the courfe failed, or diffance run by log, would make the current appear different 
from what it really was, 

7th, The longitude from Greenwich, in feven columns, 
i ft, The longitude by account. • 

ad. The longitude by the time-keeper, which was made by Arnold, but without 
his late- improvements. 

3d, The difference between the longitudes -deduced from ■obfervations of the Moon 
and from the time-keeper uncorreBed ; e. denoting the. time-keeper to be to the 
Baft of c ; w. denoting time-keeper to Weft of <t . This, admitting the time¬ 
keeper not to be liable to any fudden changes in its rate of going, indicates the 
preciiion with which the obfervations of the Moon may be relied on, all circum- 
fiances of weather and of the fhip’s motion conhdered. 

4th, The longitude by obfervations of the Moon's dijlance from the Sun or Stars# 

' adjufted, by the log, to the noon neareft the time of obfervation. 

, $th, The number of fights or dijlances obfsrved. 

6th, The objedl whofe dijlance from the Moon was obferved\ o denoting the Sup; 
* the Star ; S. Spica Virginis; R, Regulus; A. Aldebaran; At. Atair ; P. Pollux; 
F. Fomalhaut; An. Antares, - f i\ 

7 th, .The extreme difference between the high eft and Imejl' obfervation expeQed;;.:fef 
minutes of a degree; when the feconds amount t© more than 3% .the 
ab&ve is ■otber&ffe the next mimtfe behm* ■ ■ ; 

8th,. Tlhttlatitude in two coluihns: 7 ;■ . 7 7 ;:h, Cf'd 

1 ft, The latitude by account, carried 
longitude by -account-* f ; », 


■ ; '• /) . 7 7 -v' fMACh> , 




{tmno - in all parts ox me earni* uiw -—-- j . ^ ^ 

n thsof a degree as the cofine of the dip to the radius. The obfervations alfo mad*? w ex . 

ihe poles were changed at Suez, agree well enough with this fuppoiition: therefore as m 
tne poles o _ , , , needle pointed to the North, the mean dip in 


AJournalof a rw l0 The Eaft Indies, „ SKp Grenville, C apt. .venet Abercrombie, i 77S) kept * ******* daLRTMPLR. 

r, d Viv nhfer- r The mean dip correAed is what is fuppofed to be the true dip. The foundation of this 
"d The latitude by obferuatiort', and where the latitude could not be * J f follows 

' Uie«, it is deduced by account from the lajl obfervation, in which cafe it is p coweflion ob fervations’ on Jtlly I2 th, when the poles were changed, it appears, that the 

included within [ ]. . „ , U , j.,j „, d „f ,j, e ne edle was too heavy, fo as to make that end point 4|ths of a degree 

9 th, The correS lonptude from Greenwich deduced from the Urne-keeper con' . h mi. , d there f ore , if we fuppofe that the force of magnetifm is equally 

bv fh ejigbl of lands, whereof the longitudes are known, and by obfervations of the Moon C- too low a 1 ^ £ J the error produced thereby in other places Ihould be to 

taking a mean of the leveral obfervations of the Moon made wiura aJhort_penoc of jc , P ^ ^ ^ cofme of the dip to the radius. The obfervations alfo made when 

other. The error of the time-keeper, between the longitude c0,,u ‘ e - A ' --/ p , changed at Suez, agree well enough with this fuppohtion: therefore, as in 

observations of the Moon, is fuppofed to have arifen by the tm,e-keeper - having alteied its fo * e ® bl - ervations the marked end of the needle pointed to the North, the mean dip m 

rate of going uniformly between thefe obfervations; and the ^ } j 1 ^ p f the fubfequent to July i ath is correaed by fubtra&ng . 

determined by the time-keeper on this fuppolition. Where ,10 obfervations o the tune fo all diat part o > & 

were made, it is deduced by the account from the lajl o ervation o ’ 2 f K de<rree from the mean dip ^ sa 43 ( North, and adding as much wher 

““t . § | f whence mean dip is between ) 43 3° t the dip is as much South. 

1 ft, I The varia-f azimuth, ") * before, denoting the obiervation to have been m ^ i j 13 ° J 

o C ] ) tion by {amplitude, j the morning', * after, denoting the obiervation to fa ^ ^ be f or e the needle left London, changing the poles was found t®*make veiy lit :L 
• ' have been in the evening. The variation was obferved by the officers with tne g ^ the dipj the corredion in the preceding part of the voyage is made not U 

compares belonging to the fhip. sf) great, videlicet, f a . o 

^d, The dip with the. face of the inflrumeni to the Eaft. fa j] 7 ° 

^th. Ditto. ditto, ditto, Weft. _ V 4 6a 5a ' 


) \ 

' 63° and 

5 2 °1 

1 of a degree from the mean dip, 

Is 2 - 

43 ( 

r 

f when the mean dip is between 

) 43 

3 ° \ 

1 1 

L 3 ° 

0 J 


43 l North, and adding as much when 
30 C the dip is as rntich Soutn. 


4th, Ditto, : ditto, Clitto, ^ well. 

5th, The mean dip . of the foregoing obfervations. 

6th, The mean corrected, or what is fuppofed to be the true dip. 

7th, The circumjlances under which the obfervations of the dip were made. 


1 ath, The miles run by /<?£•. _ « 

The dip ■ was obferved pvith 4 dipping-needle belonging to the hon. Mr. cavendxSH, 

■■ niuxlc - 'by * '■ i 1 ^ . *■ • 1 

The-following remarks' bn the dipping-needle and obfervations are by Mr. cavendish. ^ 
! The ends of the axis of the dipping-needle are made conical, and turn in conical holes ^ 
■ ©fbell-metal, in the manner of Mr. lob.imer’s needle, deferibed inPhih Tranft vol. lxv. ^ 
i p. ■-]<*. ■•The’-dip wds Corifhsntly ohferyedhdthyWith the fade:of the mftrument to the Eal . ^ 
and to the Weft, and the poles were changed twice during the voyage, in order to fee » 
whether the needle continued well balanced. The ufe of this method of obferving is ^ 
^ ; " df'' )j . grjQff 


% But as before the needle left London, changing the poles was found to* make very little 
Z difference in the dip, the corredion in the preceding part of the voyage is made not fo 

great , videlicet, ^ r 7 o°andfe 0 

%. |[ 6* 

fa 3i ■ 52 43 

' * J of a degree is fuhtraded from the mean,, ^ 33 

fa f dip, when that dip is between - 35 3° • 

^ . . I ■ . .. SO’ 2C: 


The dip was obferved on board the Grenville at.Deptford, after her return, in t5 l e p“ e 
part of the Ihip in which the obfervations were.ufually made, ancj was found not toAffer 

more 

about toihe-not 


1 * j r 2, 

| of a degree is fuhtraefted from the mean ^ 
h dip, when that dip is between j 


'cjt^Qurnaf 
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fharp (as it was exprefled) and violent, but not quite fo 
difagreeable as when the great cylinder was connected 
with it,, and fimilarly charged. 

exp. xlvii. Having procured an equal quantity of 
the fame kind of wire, and of the fame diameter, with 
that which was fufpended and tried in the laft experi¬ 
ment, it was-placed in the form of coils upon aboard, 
fixed on the top of a long Hand of glafs, without having- 
any conneaion whatfoever with the. great apparatus, or 
any part of it. Thefe coils were then fully charged by 
the power of one of thofe machines only. The 1'eilla¬ 
tion they afforded, in confequence of caufing fparks, 
was very inconfiderable, compared with what had been 
oblerved in the laft experiment. 

' exp. xlvii 1. The feveral coils of wire employed in 
the laft experiment, as likewife feven hundred yards 
more in coils alfo, were joined together at their feveral 
ends. Thefe coils being then ftrung upon filk lines, were 
drawn, out into a form refembling that of a fere w, and fe- 
parated from each other in fuch a manner all along as 
to occupy one hundred yards of filk line. The feveral 
diameters of thefe coils, at a meap, were about fifteen 
inches. ’. As I haft fo fhort a 


and lufpend them properly, the 1 difad vantage of their 
touching and interfering each other in many. |ia<ses 

YO l. LXVIII. :, , , Q q: . ■ 1 ’ ' f 5 ''; 



goo Papers relative to an Accident 

could not be prevented j, however, I found that the fen- 
fation caufed, after charging this wire, was- nearly equal 
to that which had been experienced from the long wire 
in the forty-fixth experiment- 

exp. xlix. Upon joining the farther end of thefe 
coils to- one end of the long. wire,, fo that the. whole 
length was in this experiment about three thoufand nine 
hundred yards, and afterwards charging the. nearer end 
of the coils, and without the great cylinder (it being; 
at that time taken down) the fenfation complained of, 
by two- indifferent perfons, was twice as violent as the 
ienfation perceived by the: fame perfons when the long 
wire alone was charged. 

It may be now proper to make fome general obferva^ 
tions refpedting the exphfwn itfelf, and. the. quantity of 
the fluid difcharged in confequence thereof- 

After many experiments we found, that when the 
great-apparatus, was fully charged, and; the motion of 
the wheel fuddenly flopped, it appeared,., that a. Angle 
explofion at either end of it, inftantly (as to fenfe) ; dif¬ 
charged the fluid contained therein; but never fo effec¬ 
tually as to leave no remainder: for the quantity which 
did remain (upon a fecond application immediately after¬ 
wards) was generally fufficient to caufe a fecond explo- 
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fion perceptible to the fenfe of feeling, as well as to that 
of fight. 

Now, before the great explofion was canfed., the fluid 
accumulated in the apparatus muft have been diffufed 
equally through it, in confequence of its elaftic princi¬ 
ple; and, being fo circumftanced, a fudden application of 
the hand, or any other fubftance, which would open a 
-door for the pafiage of the fluid into the earth, was 
found to difcharge the greater part of that fluid: and 
whatever part thereof was fo difcharged, the moft diftant 
particles feemed to have arrived at the point where the 
explofion took place, at the fame time with thofe that 
were the neareft to it; becaufe, immediately after the exr 
plofion, there was very little of the fluid remaining in 
the apparatus. 

If then the difcharge of the fluid be, as it feems to be, 
very nearly inftantaneous, the particles of it muft move 
with velocities, and confequently with forces, very nearly 
proportional to thofe diftances. : 

From this confideration I apprehend it will appear, 
why the fenfation upon the difcharge from the long wir e 
in the forty-fixth experiment was more violent: and 
upon recollecting the thirty-fcvenlhjg^rty-eighth, and 
thirty-ninth experiments, and, the observations I 
upon them, I am inclined to believef that the 

Q q a ; i depends 
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depends more upon the length of the metallic body, than 

upon the quantity of its matter or furface. 

It was upon the idea of the velocity of the fluid being 
thus increafed, that 1 apprehended gun-powder might be 
fired without the leaft appearance of, a fpark. The fuc- 
cefs of this experiment was an inducement to try Kun- 
K'ELl's phofphorus, which was made by Dr. higgins. 
The moment this inflammable fubftance was brought 
very near the furface of the brafs drums, it burft into a 
blaze; and common tinder, applied in the fame manner, 
was fet on fire the inftant when it was brought fo near as 
to touch the metal: but there was not the leaft appear¬ 
ance of a fpark in any of thefe experiments. 

The method taken to fire the gnn-powder was this: 
upon a ftaff of baked wood a ftem of brafs was fixed, 
which terminated in an iron point at the top, This point 
was put into the end of a fmall tube of Indian paper, made 
fomewhat in the form of a cartridge, about one inch and 
a quarter long, and about two-tenths of an inch in diame¬ 
ter. When this cartridge was filled with common gun¬ 
powder (unbrhj&d)';the communication with the 

well was then fattened to the bottom of the brafs ftem. 
Being lo circumftanced, and ^whilft ; the charge in the 
great cylinder and wire was continually kept up by the 
motion of the wheel, the top of the caitridge was brought 

fo 
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fo near to the drums as frequently to touch the metal. 
In this fituation, a fmall faint luminous ftream was ob- 
ferved between the top of the cartridge and the metal 
drum. 

Sometimes this ftream would fet fire to the gun-pow- 
der at the inftant of the application; at others, it would 
require half a minute or more before it took effedt But 
this difference in time might probably arife from fome 
difference in the circumftances, for any the leaft moifture 
in the filk lines, the-powder, or in the paper itfelf, was 
unfavourable to the experiment. 

This new method of firing gun-powder by a luminous 
ftream of the matter of lightning finely merits the.moft 
ferious attention;, and more efpecially in thofe cafes 
where pointed condudtors are fixed to fecure magazines 
of gun-powder from fuch accidents. 

In repeating the laft experiment, there were one or 
two. inftances where the powder was fired without 
making ufe of the long wire but never with the great 
Cy ; l|||per. l glope: for we were obliged to connedt it with 
the bixd&drams by means of a wire ten or twelve feet 


long. 

It was, however a confiderable time (ten minutes or 
more) before, the e^eriment.fi|cceeded even with this 
laft apparatus. This was not the cafe with tinder ; for it 

fired. 
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fired pretty readily, and fometimes with the great cylin¬ 
der alone. 

exp. l. Before the apparatus was taken down in the 
Pantheon, attempts were made feveral days to fire gun¬ 
powder, but without fuccefs, except in oneinftance, which 
was attended with fome difficulty. This failure feemed 
to be owing to a variety of caufes, the chief of which 
appeared to be moifture that affefted the filk lines, and 
perhaps the powder itfelf. I might add ajfo the duff, 
which in lo long a time had fettled upon the lines, and 
rendered them in fome degree incapable of refilling the 
paffage of the fluid. However, when the coiled wires 
upon the filk lines were properly joined to the long wire, 
as in the forty-ninth experiment, it was found that gun¬ 
powder could be fired very readily. This is another 
proof of the increafe of velocity by increafing the length 
of the wire. .. . , ; . : ■■ ■ 

explofion of gun-powder, in the particular man¬ 
ner related above, without the affiftance of the Leyden 
charge, and even without a fpark, is an effedt which 

-ft 11 

could not eafily be deduced from reasoning upon any 
experiments hitherto made; for though gun-powder has 
been frequently fired with the Leyden .charge, yet there 
is a difference in the two cafes, yr|ypt, : ^^es ; itviieCefiary 
take feme farther notice of that . „ : ^ 

When 
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When the Leyden phial is charged we find, by expe¬ 
riment, that the charge is confined in a fmall compafs, 
or very much condenfed, near one fnrface of the glafs. 
It is alfo true, that the oppofite furface of the fame glafs 
is as much rarified, or (according to Dr. franklin, who 
was the firft that obferved it) in a minus fiate. Now, ac¬ 
cording to this rule, the greater the furface of the glafs is, 
and of an even and Emited thickiiefs, the greater charge 
may be given; andthe greater the charge, the greater muft 
be the effedf (whenever the difcharge is properly made) to 
reftore the natural fiate of the glafs on the two oppofite 
fides. In order therefore to fire gun-powder with this 
kind of apparatus, experience hath taught us hitherto, 
that the powder fhould. be confined, for example, in a 
tube or cartridge;. and that this cartridge fhould be placed, 
in filch, a manner as to make part of the circuit liecefiary 
for the difcharge of the fluid from one furface of the 
glafs, and carry it through,the cartridge to the other fur¬ 
face. But it is alfo neceflary, before the powder can be. 
fired, to.have part of the wire which, forms the circuit in. 
contact with the powder;,or, to have one erid of the wire,, 
which makes part of the circuit, forced a little way into' 
one end of the cartridge; and another, end of a. wire,, 
which alfo makes- part of the circuit, fbrced a little way 
into the other end of the cartridge;, but fd as that the: 
' ' ■ - ,' 7 . 7 ' ■■ ■ '■ ; two> 
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two ends of the wire within the cartridge may be at a 
proper diftance from each other; which diftance will 
depend upon the ftrength of the charge. When every 
thing is thus adjufted, and the circuit properly made, the 
gun-powder is generally fired; I fay generally, becaufe 
it fometimes happens, that the charge is not great enough 
to produce the effect required. For this effedt does not ap¬ 
pear to proceed from the fpark or the exploiion produced 
by the fluid (becaufe flame of a certain denfity will not fire 
gun-powder); but it muft be from the ends of the two 
wires, or from one of them at lead, within the cartridge, 
being rendered hot enough to fire the gun-powder, in 
confequence of the very great quantity of the fluid, and 
the velocity with which it paffed through the wire at that 
moment: it being well known that wire, even of a con- 
fiderable thicknefs, has been frequently made red-hot, 
and even melted, by the Leyden charge. 

Dr. lint), a gentleman who is well acquainted with 
this fubjedt, favoured me with a fight of a very curious 
experiment, which feems to fliew more clearly what has 
been advanced above, refpecting the immediate caufe of 
the gun-powder’s taking* fire in the Leyden experiment. 
He procured for the purpofe fome extraordinary fine 
threads or fhavings of fteel; one bf Which #as fd cjifpofed, 
where gun-powder was properly lo%i&diaiidiChlifiiiedj as 

cV'c . . . ■ ' to. 



from Lightning at Purfieet. 307 

to be in contact with the powder. After having charged 
a fmall phial, which did not exceed a pint in meafure, 
with only a few turns of the wheel, he made the dif- 
charge, and fired the gun-powder. The advantage he 
gained by having fo fmall a thread of nletal in this ex¬ 
periment was, that it could be made red-hot -with alefs 
charge than what is necefiary when a thicker wire is 
made ufe of; and the fmallnefs of the charge he em¬ 
ployed to fire the powder w r as a certain proof that the 
Heel thread had been made red-hot. 

Upon the whole we find, 'that this method of firing 
: gun-powder is totally different from the other, where the 
great apparatus was employed; becaufe the faint lumi¬ 
nous ftfeam, obferved at the brafs drams where the gun¬ 
powder was applied, I found was abfolutely incapable of 
making the point of metal within the cartridge red-hot* 
Befides, there did not appear to be any explofion what- 
foever between the apparatus and the powder at the in- 
Ham it was fired* 

' Before I conclude this paper, it may not be amifs if I 
take notice of certain atmofpheres, which bodies have 
round them when they are properly charged with-this 
elafhc fluid; i becaufe the nature of them may not per¬ 
haps be perfectly underftood by every One who attends 
to enquiries of this kind. 

Vol. LXYilh R f llli^iry 
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Every charge, from the nature of the fluid which pro¬ 
duces it, muft, while fuch charge remains, continually 
act upon the air furrounding it; and of confequence 
upon the fluid alfo, which ftands diffufed therein, and ia 
the intervals between its parts by its repulfive principle. 
This appears to be true, not only from theory but expe¬ 
riment. 

The ftate of the fluid in the air neareft to the cylinder 
that is charged, muft therefore be in an oppoflte ftate to 
that which is in the cylinder; that is, in the one cafe It. 
will be condenfed, and in the other ratified. 

Now, becaufe the power arifing from the charge 
within the cylinder, which caufed the rarefaction beyond 
its outward furface, is limited; the diftance to which 
that rarefaction extends,muft be limited alfo: and beyond 
that diftance the fluid muft be condenfed more or lefs > 
according to the power of the charge which caufed the. 
rarefadtiom. 

Whenever therefore wie are difpofed.to open a door to 
let the charge out of the cylinder, the rarified fluid near 
the outflde of the cylinder muft neceflarily promote: the 
difcharge at that inftant.. 

As to the diftance to which this rarefaction extends, it 
will always depend upon the ftrength of the charge, and 

: vthe 
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the ftate of the air in the place where the experiment is 
made. 

When I fufpended the 1600 yards of wire in the Pan¬ 
theon, the feveral lengths thereof were purpofely hung 
(as hath been obferved before) at five or fix feet diftance 
from each other, entirely upon this idea; left the refpec- 
tive atmofpheres might interfere with each other, or 
with the charge contained in the wore, and by that means 
difturb the experiment. 

It is now time to put an end to this inquiry; in which, 
however defective I may have been in ability, neither 
attention nor impartiality have been wanting; and al¬ 
though it may be true that, even before thefe experi¬ 
ments were tried, I was inclined more to one fide of the 
queftion than the other, it was becaufe I many years ago 
grounded my perfuafions upon the philofophy of Sir 
Isaac newton. Without thofe perfuafions, and the 
advantage of that moft gracious encouragement which is 
never wanting to honeft and candid endeavours in the 
purfuit of philofophical truth, I fhoiild hardly have felt 
fufhcient zeal to engage in fo. confiderable an under¬ 
taking: nor indeed, without powerful affiftance, could 
the great objedt of this inquiry have been in any degree 
attained. For my own part, I can boaft of very little 
I more in this inveftigation than patience and induftryc ; 
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I {hall only add, that if any one, who may be difpofed 
to try the preceding experiments, will nfe an apparatus of 
fufficient dimenfions, and faithfully attend to every cir- 
cumftance as I have done, I have no doubt they will find, 
the fame refults; but they muff alfo apply their obfervation 
to much fmaller circumftanees than have been here fpe- 
cified, as the intervention of a {ingle hair, a fibre of down, 
or even a little vapour arifing from perforation or other- 
wife, will, where great exadtnefs is required,, fometimes, 
prevent the fuccefs of an experiment; and by that means 
miflead the obferver,or afford a fubterfuge for amiftaken- 
hypothefis. 

Great Ruffel-ftreet, Bloomfbury, 

November ia, 1777* 

N. B. The different diftances. at which the point and; 
ball were {track being expreffed in fractions, p. 278. I 
thought it would be better to put thefe diftances in 
Whole numbers, that the ratio between them may more: 
dearly appear.. , 

Sharp point. Rounded end. 


I60; 

* 

*5 

20. 

130 


3 $, 

220 


16 

260 


20 

80 


4 


Forty of thofe, parts are equal to one inch,. 

Meajure^ 
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Meafurements, &c. of the great Apparatus and Machinery.. 


Feet. In.- 

Length of the wire fufpended, which 1 
conlitted of many pieces that were [ 
connected by twitting the feverai ( ^ OQ 
ends together, - - j 

Weight of the wire;, - - 

Twenty-one pieces of this wire, laid" 

parallel and clofe to each other, ?• ■£, 

meafured exadtly. 

Surface of the whole wire in fquare feet. 

Length of coiled wire, which was fuf- T 
pended alio, but in a form ibmewhat [ 
refembling a fcrew and of the fame ? ^ c 
thicknefs with the wire above, J 
Length of great cylinder, including 1 
the brafs drums above, - j 

Diameter of this cylinder. 

Weight of tin-foil, which, covered] 

' 11a drums, - j, 

Surface of li e drums in fquare feet's 
(including the fix ends) meafured, J 


lbs. 


3C& 


57 


30 - 


r 55. 


592 
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Space through, which the conductor) 
upon the model pa£Ted from its(_ 
beginning to move, to the inftantf 
nearly of its being ftruck, - J 
Heighth of the frame from the floor, 
Breadth of the frame, 

Heighth of the two polls, on the top] 
of which were fixed two wheels, J 
Diameter of the great wheel, 

Diameter of the fmaller wheel, fixed - ) 
upon the fame axis, - J 

Length of frame on which the model 1 
moved, J 

Diameter of the pulley that was fixed' 
between the two polls, which deli¬ 
vered the line from the model to 
the greater wheel, the center of > 
which pulley was two inches and 
an half above the center of re fif- 
tance in the model, 

Greater weight to draw the model, 
Smaller weight, - - 

Weight of the model, 


Feet. In. 


7 7 

3 

* 3 
io 6 
i ii 


l8 2 


Upon 


» 4 * 
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i. Size ofpointed'Condiktor as on the Model, 
z.The pzxrtZfated at- Jffte top of the Hoof. 
?* dimofwanded md, as m . theModel .' 

4. ShorlSpmit. ' V.: : :j 

5. Cestem /•: >.■ ■ ;jj„; .' ; ■ ■ ; . 

C. Tnv Zo/k. v ; J 
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Feef. Ia. 


IBs, 


ri 

©. 

& 

<3 

a 

«r*L 

d 

03 

O 

'O' 

»<“2 • 
£s O 

i «S. 

C 

Q 
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'S 

cJ 

O 
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[Length of" tlie model, 

Breadth, 

Heighth to the top of the parapet,. 
Roof, above, the parapet, 

Chininies exceeded the higheft) 
part of the roof, about 1 
Pointed conductor when fixed ] 
upon the roof, - / 

Length of fhort fpouR 
Length of long fpout in its] 
bent ft ate,. - -- f 

The two .polls or pillars to fup- ) 
port, the ciftern (which cif-p 
tern was lined'with lead) ! 
belonging to the Ihort Ipout, J 


r 

i 

i 


9? 

4l 

ItI 

4? 


3f 


xo 


i of 


£ 


5-. A Report of the Committee , appointed by the RdyaFSb*-- 
ciety , to confider of the moji effectual method of 'fecuring-- 
the Powder Magazines at Purfleet agaihfl the Effects.: 
of lightning 1 in compliance with., the - Requejl of then 
Board of Ordnances. 

IT being referred to us to - confider j whether any. 5 
thing more than what was. formerly diredted by the-;* 
committee of the Royal. Society in* the year 177 a -carp , 

‘ done^v 
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done, for the prefervation of His Majefty’s magazines at 
Purfleet: we, having attentively examined the experi¬ 
ments and ohfervations of Mr. wilson, contained in a 
paper referred to the Society by the Board of Ordnance; 
and having maturely confidered the fubjeft at large, 
fubmit it as our opinion. 

1. -That it is very improbable, that the powder maga¬ 
zines, guarded in the manner in which they are at pre¬ 
sent, fhould receive any damage from lightning. 

2. That they- would be hill lefs liable to be injured if 
three other elevated pointed rods, fimilar to thofe already 
erefted, were to be fixed upon the roof of each of the 
five magazines, between the extreme rods, at equal dif- 
tances from each other, with three ftrips of lead, about 
one foot in breadth, ftrongly connected with them, and 
carried dow r n the roof, from the ridge to the eaves, on 
each fide of the building; thence two of them to be 
continued into the earth, and to terminate at the bottom 
of wells; one of which fhould be dug for that purpofe 
nearly in the middle of each of the intervals between the 
magazines, deep enough to contain at lead: four feet of 
water. The middle ftrip fhould be connected with the 
iron rod over the doot/hereafter to-be mentioned. 

We alfo advife, that other high pointed rods be 
erected; one at each of the four corners, and one over 

each 
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each of the metal doors in the middle of the fides; 
which latter fhould be bent, fo as to avoid the doors, in 
the fame manner as thofe which are already placed upon 
the outward fide of the outermoft magazines. All which 
rods fhould be continued into the earth, and be made to 
communicate with the bottom of the water of the neareft 
wells, by means of leaden pipes, clofely connected with 
thefe iron rods. Like wife, that ftrips of lead be put 
upon the copeing of the end walls, and be made to com¬ 
municate with.the rods to be placed at the feveral cor¬ 
ners as above directed, 

3. But that the greateft degree of fecurity would be 
attained by covering the whole roof, and the tops of the 
end walls of each of the five magazines, with lead; 
ereCting all the additional conducting rods above di¬ 
rected; and forming a communication between the 
leaden covering of the roof, and the bottom of the wells 
as before mentioned. 

As to the other buildings belonging to the magazines 
we recommend: 

I. That a pointed rod, fimilar to the reft, be ereCted at 
each end of the proof-houfe, and be united with the lead 
already there : alfb, that the lead on the roofs of the two 
low buildings, deftined for the reception of the empty 
powder calks, &c. be connected with the wells by means 

Vo l. LXVIII. S f of 
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of one {trip of lead-in the middle of each building, ©f 

.the fame breadth as thofe above mentioned. 

2 , That a pointed rod of copper, about three quarters 
of an inch in diameter, be eredted on each of the four 
chimnies. of the Board-houfe, reaching five, feet above 
them; and be connected, by ftrips of lead,,.with the other 
lead upon the roof of the building.. 

We do alfo advife in general..! i • That the, lead and 
rods, upon the feveral buildings, be refpectively con¬ 
nected with -the neareft wells, by the fhorteft metallic 
communication that can conveniently be formed; in par¬ 
ticular, that the two leaden fpouts of the Board-houfe, 
which do not reach the ground, but terminate in cifterns, 
be connected,, by ftrips of lead, with thofe fpouts that do 
already communicate with water. 2. That the different 
' pieces of which the iron rods may be compofed, be 
ftrongly fcrewed together in clofe joints, having a thin 
plate of lead between them, as directed by the firft com¬ 
mittee. 3. .That thefe rods be firmly fixed, and clofely 
connedted with the lead upon the roofs. 4. That all the 
ftrips and pieces of lead be well faftened and foldered 
together, fo as to make a perfedt metallic communica¬ 
tion with the bottom of the wells. 5. That the iron rods 
be painted, except in thofe places where they are to be 
in contadt with the lead; that they be all ten feet high; 

y and 
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and that they be terminated with pieces of copper eighteen 
inches long, like thofe already erected: and, 6. that thefe 
copper terminations be very finely tapered, and as acutely 
pointed as paffible. 

We give thefe .directions, being perfuaded, that ele¬ 
vated rods are preferable to low conductors terminated in 
rounded ends, knobs, or balls of metal; and conceiving, 
that the experiments and reafons, made and alledged to 
the contrary by Mr. wilson, are inconclufive. 

J. PRINGLE, P. R. 

March 12,1778. w. w ats on. * 

H. CAVENDISH. 

W. HENLY. ‘ 

S. HORSLEY. 

T. LANE. 

MAHON. 

EDW D . NAIRNE. 

JOSEPH PRIESTLEY, 
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XVI. On the Arithmetic of Impojfble Quantities. By the 
Rev. John Playfair, A. M. Communicated by the 
Rev. Nevil Mafkelyne, D. D. F. R. S. and AJlronomer 
Royal. 


Read Feb. 26 , rnHE paradoxes which have been intro- 
i/ '°’ dnced into algebra, and remain un¬ 

known in geometry, point out a very remarkable dif¬ 
ference in the nature of thofe fciences. The proportions 
of geometry have never given rife to controverfy, nor 
needed the fupport of metaphyfical difcuffion. In alge¬ 
bra, on the other hand, the dodtrine of negative quanti¬ 
ties and its confequences have often perplexed the ana- 
lyft, and involved him in the moft intricate deputations. 
The caufe of this diverlity, in fciences which have the 
fame objedt, mull no doubt be fought for in th e different 
modes which they employ to exprefs our ideas. In geo¬ 
metry every magnitude is reprefented by one of the fame 
kind; lines are reprefented by a line, and angles by an 
angle. The genus is always fignified by the individual, 
and a general idea by one of the particulars which fall 
under it. By this means all contradidtion is avoided, and 
2 the 



On the Arithmetic of impojfihle ‘Quantities. 319 
the geometer is never permitted to reafon about the rela¬ 
tions of things which do not exift, or cannot be exhi¬ 
bited. In algebra again every magnitude being denoted 
by an artificiaMymbol, to which it has no refemblance, 
is liable, on fome occafions, to be negledted, while the 
fvmbol may become the foie objedt of attention. It is 
not perhaps obferved where the cennedtion between 
them ceafes to exift, and the analyft continues to reafon 
about the characters after nothing is left which they can 
poliibly exprefs: if then,, in the end, the conclufions 
which hold only of the charadters be transferred to the 
quantities themfelves, obfcurity and paradox mult of ne- 
ceflity enfue. The truth of thefe obfervations will be 
rendered evident by conlidering the nature of imaginary 
expreflions, and the different ufes to which they have 
been applied. 

2. Thofe expreflions, as is well known, owe their ori¬ 
gin to a contradidtion taking place in that combination 
of ideas which they were intended to denote. Thus, if 
it be required to divide the given line ab (fig. i.) = a 
in c, fo that ac x cb may be equal to a given Apace b\ 

and if ac=x, then x=\a±'\J which value of a? is 
imaginary when b 2 is greater than \a 2 \ now to fuppofe 
that b' is greater than is to fuppofe that theredtangle 

ac x cb is greater than the fquare of half the line ab, 
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■which is impoffible. The fame holds wherever expreffions 
of this kind occur. Thus, when it is affected tnatjanity 

i -f~ s /— 3 ^ 3 

has the three cube roots I, - - > - , no 

more is meant than that when the general equation 

^3_ fix*' "Vbx — r-o is, by a change in the data, i educed to 

the particular ftate tf 3 -1 =0, x is then equal to unity only, 
and admits not of any other value, as it does in more 
general forms of the equation. The natural office of 
imaginary expreffions is, 'therefore, to point out when 
the conditions, from which a general formula is derived, 
become inconfiftent with each other; and they cor- 
refpond in the algebraic calculus to that part of the geo¬ 
metrical analyfis, which is ufually ftyled the determina¬ 
tion of problems. 

3. This, however, is not the only ufe to which imagi¬ 
nary expreffions have been applied. When combined 
according to certain rules, they have been put to denote 
real quantities, and though they are in fa£t no more than 
marks of impoffibility, they have been made the fubjeds 
of arithmetical operations; their ratios, their products, 
and their fums^ have been computed, and, what may 
feem ft range, juft conclufions have in that way been de¬ 
duced. Neverthelefs, the name of reafoning cannot be 
given to a procefs into which no idea is introduced. 

Accordingly 
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Accordingly geometry, which has its modes of reafon- 
ing that correfpond to every other part of the algebraic 
calculus, has nothing limilar to the method we are now 
eonlidering; for the arithmetic of. mere characters can 
have no place in a fcience. which is immediately conver- 
fant with.ideas,- 

But though geometry rejeCts this method of inveftiga- 
tion, it admits, on many occafions, the conclufions de¬ 
rived from it, and has confirmed: them by the moffc ri¬ 
gorous demonftration. Here then is a paradox which 
remains to be explained. If the operations of this imagi¬ 
nary arithmetic are unintelligible, why are they not alfo 
ufelefs.Ms inveifigation -an art fo mechanical, that it may 
be- conducted by certain manual operations ? = or is truth 
fo eafily difcovered, that intelligence is* not neceffary to 
give fiiccefs to our refearchesi ■ Thefe are difficulties- 
which it is of fome importance to refolve, and on which 
much attention has not hitherto been bellowed. Two 
celebrated mathematicians, Bernoulli and maclaurin*:- 
have indeed touched on this fubjedt; .but being more in—, 
tent on applying their calculus, than on explaining the; 
grounds of it, they have only fuggefled. a folution of the 
difficulty, and one too by no means fatisfaCtory. They, 
alledgethat when imaginary expreffions. are put-toi 

(a) Op, j. Bern,. tom, I, N° 70. maceaur. Flux. art. 699—763. 
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denote real quantities, the imaginary characters involved 
in the different terms of fuch expreffions do then com- 
penfate or deftroy each other. But befide that, the man¬ 
ner in which this compenfation is made, in expreffions 
ever fo little complicated, is extremely obfcure, if it be 
conlidered that an imaginary character is no more than 
a mark of impoffibility, fuch a compenfation becomes 
altogether unintelligible: for how can we conceive one 
impoffibility removing or deftroying another r Is not this 
to bring impoffibility under the predicament of quantity, 
and to make it a fubjedt of arithmetical computation? 
And are we not thus brought back to the very difficulty 
to be removed? Their explanation cannot of confe- 
quence be admitted; but, on attempting another, it be¬ 
hoves us to obferve, that a more extent!ve application of 
this method, than had been made in their time, has now 
greatly facilitated the inquiry. We begin then with 
cpnfidering the manner in which the imaginary expref- 
fions, fuppofed to denote real quantities, are derived; and 
the cafes in which they prove ufeful for the purpofes of 
inveftigation. 

4. Let a be an arch of a circle of which the radius 
is unity, and let c be the number which has unity for 
its hyperbolic logarithm, then the fine of the arch a, or 

fin. 



Arithmetic of impoffibk Quantities* 

£ a */—'I -j~ C~~~ a hf *“”’1 


fm. ■ l ~ ; anc ^ c °£ a 


3*3 

Thefe- 


exponential and imaginary Values of the fine and cofine 
are already well known to geometers -; and the invefiiga- 
tion of .them, according to the received arithmetic of 
impoflible quantities, may be as follows. 

Let fin. a=z. then<?=- 


« IIJL^LX W — To bring this fluxion 

I-55" 

under fuch a form that its fluent may be found by loga¬ 
rithms, both numerator and denominator are to be mul¬ 
tiplied by s/ — i; then a ->/— i x —===- , and (by form. 

V 23“-1 

, Hence 


5 + s/V 


fi. harm. Men.) a~V -1 x log. y ,_ I 


v—u 


or 


i x 


v'- 


- T l0 S- 


i± \/fzZ 1 

✓—i : 


and becaufe i is the log. of c, 


• wherefore, if both parts of the fra&ional 

index of c be multiplied by s/~ i, c ~ a ' s/ ~ 1 =* 
. Again, if the arch a be confidered as negative, its fine be¬ 
comes alfo negative, and therefore — \ x log. 






or,. t- i jc vfogy -" 



t/—i 


log. ; wftence's^c^S 


this equation, the former be taken away, there remains 

* i 


-»fic£ dividing by a-s/— i we 
have z - fin. a - -— -~^zz x • adding together the 

Voir. Lxviii.. ; ^ : 
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equations a value of the cofine may be found in the fame 
imaginary terms which werp affigned above. Now by 
means of thefe expreffions many theorems may be de- • 
monftrated; it may, for example, be fhewn, that if a and 
b are any two arches of a circle, of which the radius is : 

unity, .then fin. a x cof. b — — ■+ ———• For fin. a— 

9 and cof. b- , therefore, fin. a. 

^ — 1 —. c —a — bX^-r-1 -f, —I 

X' cof. b = •—-4PEZI " =' 

{m*a-\-b fin. a—b 

~~— Hh - ““— 1 ““ * 

2 2 

5-. Now it.may be obferved, that the imaginary value* 
which has been found for fin. a was obtained by bring¬ 
ing a fluxion, properly belonging to the circle, under the 
form of one .belonging to the hyperbola. It may, there*- 
fore,, be worth, while to. inquire, whether a fimilar ex- 
prefiion may not be derived from the Hyperbola itfelf. 

Let bad be a rectangular hyperbola (fig. 2.) of which 
the ©ehter is c, and the femi-tranverfe axis Act: 1 ; let b 
be any point in the hyperbola, join bc, and let be be an 
ordinate to the tranfverfe axis. Then, if the fe&or 

acb =ia } and be=z, it is known that a- ——: whence 

a =log.Vi + hf,, But if thefedlor 
be taken on the other fide ojf the txanfyerfe axis, a and z 

become 
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become negative, and c~~ a - - i +z\ Hence % — 
in like manner the abfcifs belonging to acb, that 
is ce = —— . Thefe values of the ordinates and abfciffe 

differ in nothing from thofe of the fines and cofines 
already found, except in being free from impoflible 
quantities; for it is evident, that the quantity a is related 
in the fame manner both to the circular and hyperbolic 
fectors. If now ord. a and abf. b denote the ordinate 
and abfcifs belonging to the fectors ta, \b refpedtively, 

n ca — C— a ^ C a +b — C— a ~b -f i a —b -— C b —a 

ord. a x abL b ~—-— x —— =--——--*-= 

Ord, a-\~h ord, a—b 

6. The conclufions in both the foregoing cafes are 
perfectly coincident, and the methods by which they 
have been obtained are fimilar; though with this dif¬ 
ference between them, that in the firft all the fteps are 
unintelligible, but in the laft fignificant. If then, not- 
withftanding a difference which might be expedted fo 
materially to affedt their conclufions, they have been 
equally fucceisfol m the difcovery of truth, it can be 
afcribedl oply tq£he analogy which takes place between 
the fubje&s.of inveftigation; an analogy fo clofe, that 

one may, with certain 


every property bel 
reftridhons, be tra 


to the 
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every imaginary expreffion, which has been found to 
belong to the circle in the preceding calculation, is by 
the fubftitution of real for impoflible quantities, or of 
Vi for 1, converted into a proportion which holds 
of the hyperbola. The operations, therefore, performed 
with the imaginary characters, though deftitute of mean¬ 
ing themfelves, are yet notes of reference to others which 
are fignificant. They point out indireftly a method of 
demonftrating a certain property of the hyperbola, and 
then leave us to conclude from analogy that the fame 
property belongs aifo to the circle. All that we ;are 
affured of by the imaginary mveftigationlS, that its con- 
clufion may, with all the ftricftnefs of mathematical rea- 
foning, be proved of the hyperbola; but if from thence 
we would transfer'that conclufion to the circle, it muft 
be in confequence of the principle which has been juft 
now mentioned. The inveftigation, therefore, refolves 
itfelf ultimately into an argument from analogy; and, 
afteT the ftridteft examination, Will be found without any 
other claim to the evidence of demonftration. Had the 

foregoing propofitfoh' been proved of the hyperbola 
only, and afterwards coh&taled to hold of the circle, 
merely from the affinity of the curve's, its certainty would 
have been precifely the fatri^aS When a. proof is made 
®ut by the intervention of iiM^iff'lfymbols. 

4 8. Though 
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8. Though it might readily be coucluded, that the 
fame principle on which the foregoing inveftigation has 
been found to proceed, extends itfelf to all thofe in which 
imaginary exprefiions are put to denote real quantities, 
it may yet be proper to make trial of its application in 
fome other inftances. 


Let ab, Ac, ad, ae (fig* 3.) be any arches of a circle 
in arithmetical progrefiion, and let m be their number:' 
it is required to find the fum of the fines bc, ch, &c. of 
thofe arches. Let the radius af = 1, ab -a, and the com¬ 
mon difference of the arches, or bc=#; the fum of the 
feries fin. ^+fin. a+x + fin. a + ix + ".... . (pi) is to be 

C a \f — 1 - C —— 1 


found. Now, 
fin. a + x — 


becaufe fin. a 

fa-f-xX —1 — c ~~ a —- r X V*'— 1 


2/— x • > 

fin. a + fin. a + x + fin. a + ix . « . 


zv '—1 5 and 

8cc.; the feries 


(m)p 


1 ^r€‘ 


XS/~ 




wV- 


c atf—i 

x , 


' 2*/—I 


1 + 1 + <?—2 ^ , . . . (m). But thefe feries are 

both geometrical progrefiions, and the fum. of thefirft is 


of the fecond 


Qi /—-I ^ . I 

The fum of the propofed feries therefore 


: , ■ : ■ ■' ft.*;-, ^ t .- • •; . 

c a*J —1 1- C ~~I- C — 


2V —-‘i ~ 
-a. 


X\T —l 




— A y "•*- X„ i, ^ “! 

2/—1 

. ; " i 




*-*X 
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. — c~ a \f — 1 -hi — a — rnx 'X-V — 


-C x \/—I- C — x \/— 1 + I 


\ in which expreffion, if the lines “be fubftituted for their, 
s imaginary values, we have 

■ fin. a— fin*# f mx — fin, a —+ fin» & + _ 

a x I - cofi rk’ 


;fin. <z-blm. a+» + fin. #+ zx • • (#*)• Qi E * I * 

VWhen ab=bc, or <ar=w, the propofed feries becomes 
iiri. x + iin. zx + fin. 3#. (m), and its value =r 


fin, x—*‘£n. m+ i Xx-f-fin. mx 
2 x i — coLx, 


In like manner it will be found, that the fum of the 


colines of the fame arches, or cof. a +cof. a+x+ cof. a+ zx 

cof. a — cof. ahmx — cof. a — x -J- cof. a-\~ mx — x 
2 X X — cof. x '* 

and when a— x , cof, a + cof. z x + cof. 3 a.(^2) = 

cof. mx— cof. + r X# t 
ax i — cof .x ** 



9. To folve the fame problem, in the cafe of the hy¬ 
perbola, we mull follow the Heps which have been traced 
out by thefe imaginary operations. JLet abe be an 
equilateral hyperbola (fig. 4.) of which the center is f, 
and the tranfverfe axis af=l,; let abFj ace, adf, 8£c. 
be any fedtors in arithmetical progrefiion, and let m be 
their number; ' J it''i$ : ; to find the fum of all the 
ordinates bg, ch, be, '&*. lodgingfhofe fe&ors. Let 

'the fe< 5 tor afe — -*?, and,the, le€tdr BFCj-which is the 

: .„ ■' ; ■■ V 

2 ■ common 
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common difference of the fe£tors, =±x: then bg, or*' 

get —— 1—a - c a ^r x — c— a —‘ x 

ord. a — —;—, and ch, orord. a+x—' ----, by art. . 

5. Therefore the feries of ordinates, that is, 
BG + CH+DK+ ..... ini) = ■— x -I + c x + c zx + -. . . .. ini) — - 


■x i + f x +c~ zx +. . . [m) 


c* ‘ I - —£*%* c - a I- £ -* 

-.-- -- _ ... 

2 1 C x 2 I c—* 


, £* - c a + mx„ 

= T X*- 


_ £a~—x -i-mx—x _— c~ra t 




■c-*+ I 


crd. 


* ord. a -t nix — ord-. a — # + or d* ^ Hh nix — x >'• 


When a~x t -- 


2x1 —abf. x 

ord. x‘ + ord. a x + ord. 3 #~4- ; .(yv) = 

* ord, x —ord. 1 x *Hh Qr ^» mx 

2X1—abf; .v . 

In like manner it is proved, that the fum of-the- 

abfciffie, that is, fg+fh + fk+ . .... (m) — 

abf a —abf. a~\-mx —abf a — #-j-abf. a+fnx- 


2 x*i -H-abl. 

abf. mx-r- abf rn+ixx 


-; and when a-x> this -- 


expreffion becomes 

*“* 2 .X I aoi. X f . ■ , i* ; ' 

10. The coincidence of the theoremsdeduced in the s 

two laft articles is'obvious at firft fight, and if the me- - 

thods by which they have been obtained be compared, „. 

if will appear, that the imaginary operations in the one * 

cafe were of no ufe but.as they adumbrated the real de- - 

' 5 '-1 f 

monftration, which took place in the other. This will ? 
be rendered more evident by confidering that the refolu- - 
tion of the feries of fiyperbplMC ordinates, into two others > 

' : of? 
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of continual proportionals,/ can bo exhibited geometri¬ 
cally. For, from the points a, b, c, and d, let am, bn, 
co/dp, be drawn at right angles to the affymptote fp; 
let gb produced meet fp in Qj and let br be perpendicu¬ 
lar to the conjugate axis FR. Then, becaufe the triangles 
frs, IMA, are equiangular, af : fm :: fs : fr; hence fr= 
™ k FS -=— X fn - NB. For the fame reafon ch.= . 

F A 'FA ___ 

— x.f^oc, and dk=— x fp- pd. Therefore, bg+ch + dk 

FA F ' A 

xfn + fo + fp-“xbn + co +df; now, fn, fo, fp, are 

"""fA *h A 

continual proportionals, and fo alfo are bn, fo, fp, be¬ 
caufe the feftors fbc, fcd, are equal. But in the circle 
no fuch r efolution of the propofed feries of fines can 
take place, that feries being fubject to alternate increafe 
and diminution; on which account it is, that imaginary 
characters enter into the exponential value of the fine. 
Thole characters are therefore fo far from compenfating 
^di other in the prefent cafe, as they ought to do, on the 
fh|lpbfit;ionbf Bernoulli and maclaurin, that they ma- 
nifeftiy iferve marks of impoffibility. There remains, 
of confequence, the affinity between circular arches and 
hyperbolic afeas^ OT ^^^ t^e meaffires of tingles and 
of ratios, as the only'^flnciple on which the imaginary 
inveftigation can prbceem^ |t peed fcarcely b,e okfqrved. 
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that the exponential value of the hyperbolic ordinate 
may be deduced from what has been proved in this 
article. 


11. But as the arithmetic of impofiible quantities is 
no where of greater ufe than in the inveftigation of 
fluents, it is of confequence to inquire, whether the pre¬ 
ceding theory extends alfo to’that application of it. 

Let it then be required to find the fluent of the equa¬ 
tion where Q_denotes any function whatever 


of x . Bor this purpoib, the following lemma is premifed: 
let x be any arch, and p any flowing quantity; then, if 
the flgny", be taken to denote the fluent of the quantity 

to which it is prefixed, fin. xJ'p cof. x— cof. x J'p fin. x- 

or if t-x be a hy¬ 
perbolic fedtor, ord. x Jp abf. x — abf. x J'p ord. x =£ 

C X f* r—X f* 

-fpc-x-^fpc*. 

r _ p. r c* —<—-V—* p. i+c—V—1 

Becaufe fin, xjpcoi.x- - 2—1 — J P* -;-’ 

by feparating the terms we have fin. xj % p cof. x 'ss- 


'jffP* 


i-'V—1 

4 i/—* 


■ .1. C-A./. ’ c x \f — 1 

&&■*/:+*** i'JU- —r~r 




, ,, A X +,**■ n i, 1 ; i g '.^If 


"X‘f: 


4V “ I, 

Vo l. LXVIIL 




4v/ __ I 


U u 


fin. x— 

:*;.V 

,/t i 

4 V—V 
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33 * 

r-V — 1 P; 

7=rJP l 


-x*/~ 


j r „ . Wherefore, by collecting the fum of 

all the terms, we have fin. xJ'pcoLx-coLx^J'p fin. x = 

^y—t p . „ _ , , I 


n/A 


V'- 


- J'p C x ^~ 


2 V —lj Jr " 2 V—I. 

The demonftration in the cafe of the hyperbola is free 
from imaginary expreflions; but, in other refpedts, is 
exactly fimilar to that which has now been given in the 
cafe of the circle. 

i <1. Let the co-efficient of y in the propofed equation 
be fxrfi; fuppofed negative, that is, let^ -cfy- and if 
we multiply by c nx x, n being a conftant but indeter- 
minate quantity, it becomes —r~ -a~c n *yx - c nx ojo. Let 

c* x x ~ - By be aflumed for the fluent, a and b being 
indeterminate, and let its fluxion be taken, then, 


—J + nkc nX y~n'BC nx yx-c nx Qj;. 

— b c nx y. 

Hence, by comparing the terms, we get a=i, * a- b= o, 
nB=a*; therefore, n=±a, and b =±a: for n and b let 
the value + a be fubflituted, and for a, its value, 

unity; and the aflumed equation becomes ~ -ay* c«*z= 

J'c a *Qjc, or £-ay=tr«*J*&'*Qjii Let this equation be ' 
multiplied by c mx x> m being indeterminate as before, and 

c mx y 
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c' msi y—ac mx yx—c m aXx x^f‘c e!X Qjx. The fluent of the firffc 
member of this equation is evidently of the form nc mx y, 
the fluxion of which, viz. d c mx y+ d tn c mx yx being com¬ 
pared with the former gives d = i, and m~—a \ wherefore, 

c — ax y—J' i:— 2 ax xJ'c ax Qjx, or y=c ax x J'i?—* ax xJ'<c ax o^x. 
Let c 7 X qj£—z } and c zax x— d; xhonj'c zax xf'c' lx qjx = 
f Zv-zv- / vz; but v— ~~ a - < ~~j fuppofing that v and 
x vanifli at the fame time; therefore vz -Jv*= 
\fc a *Qj- \y a ft" aX( tJ+~~ c J'c~ ax Qj- = 

I' f* C— zax f* TT C ax f* 

—J C-“ X QJC - —J c ax ojx. Hence jy = -J c~** <^x -. 
€ -£fc^nx. This value oty is fufficient for the con- 
flrtnflion of the fluent, becaufe the quantities Jc~ ax ox > 

an ifc ax Ojx depend on the quadrature of the hyper¬ 
bola; but if we would introduce into it the ordinates 
and abfcifles of that curve, we need only have recourfe 
to the foregoing lemma, from which it appears, that 

y — brd. ax J'i_x abf. ax- - a abf. axJ'ojx ord. ax. 

13; Let the co-efficient ofy be now fuppofed affirma¬ 
tive, or let ?L+ ay= q. In this cafe imaginary exprefiions 

are introduced into the fluent, and the conftru&ion by 

U u a ■ 
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the hyperbola becomes impoflible. For we have then, 

7i~±t2\/ —i, from which, by proceeding as above, we get 

y= q*; hence 


alfo, by the lemma, y = fin. <2 a^qjv C of. ax — 
cot. ax J'oji fm. ax. Here the quantities,^/ q.# cof, rf#, 
and/fin. are afiignable by the quadrature of the 
circle, in the fame manner as J'qjx abf. and 


J'.qJ: ord. ax, by the quadrature of the hyperbola; but 

the method of inveftigating them, though an illuftra- 
tion of the principles which we have laid down, is too 
well known to need to be inferted here. In like 
manner might the fluents of innumerable fluxionary 
equations, comprehended under the general form 

■q_- y+ -j +jr + Jr+8ec.be deduced,and all of them would 

tend to prove that the arithmetic of impoflible quanti¬ 
ties is no more than a method of tracing the analogy be¬ 
tween the meafures of ratios and of angles, m. m. 
EULER^and D’ALEMBERT A; were the firfi to integrate fuch 
equations as the preceding, and the method employed 
here differs from theirs only by being better adapted to 
illuftrate the principle which is common to them all. 

(b) Nov. Cora. Petrop. tom. Ill, (d) Theorie de la Lune. 

14. The 
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14. The forms in the Harmonia Menfurarum might 
alfo be brought to confirm this theory; but, without 
accumulating inftances any farther, it may be diffident 
to remark two confequences that follow from it: r. That 
the only cafes in which imaginary expreffions may be 
put to denote real quantities, are thofe in which the mea- 
fures of ratios or of angles are concerned, 2. That the 
property of either of thofe meafures, fo inveffigated, 
might have been inferred from analogy alone. Now 
both thefe conclufions are agreeable to experience. It 
does not appear, that any inftance has yet occurred where 
imaginary characters ferve to exprefs real quantities, if 
circular arches or hyperbolic areas are not the fubjects of 
inveftigadon; and if the cOnclufion obtained may not be 
transferred from the one to the other, by a mere fubfti- 
tution of correfponding magnitudes; that is, of fines for 
ordinates, cofines for abfcifTes, and circular arches for the 
doubles of hyperbolic fectors. The affinity between the 
circle and hyperbola is not however fo clofe, but that it 
is fubjeCt to certain limitations, from confidering which}.. 

here afferted will be rendered more 
evident. f y. t \ 

1. Any propofition demonftrated of hyperbolic fec¬ 
tors may be transferred to drculatr 'arc&dsj ffibfffitition ■■ 
alone,'"without any 

■ : 1 : ' ■ - ; abfdflie. 
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abfcHTse and their products enter into the enunciation, 

and converfely. 


r - t r 4 1 e* 7 abf. * abf. ct—-~b 

Thus abf. ^ x abf £ ==•—-— 4 -—-— . 


- Jm r 7 CO'. <3-\- b cof* (t h 

and col. ay cof ~— - + —r— 


The fame holds 


when the Ample power of the ordinate is combined with 
any power whatever of the abfcifs: fo in the theorems 

- ord. a-\-b ord. a—b , 

of art. 5. and 4. ord. a x abi. b = ■—-— d--— ; and 


- 7 fin. a-f-£ fin. a—b 

fin. a x col. b — ■—-— + •—-— 

2. When an expreffion containing any property of 
hyperbolic fe&ors, involves in it the redlangle of two or¬ 
dinates, the, value of that rectangle mult have a con- 
.trary fign, when a tranfition is made to the circle. Thus 

abf. a-\- b abf. a —b 


ord. a x ord. b 


cof a+b oof. a—b 
-+ ----■ 


but fin. a x fin. b = 


- The difference which according to 


this rule is found between the powers of ordinates and 
of fines may be feen in the following examples. If ~x 

£% _. T _ £—X 

denote ally hyperbolic fector, then, by involving —-— 9 
and again fubftituting for the exponential quantities as 
in art. 5. we have, ’ 

-r * 1 —* 

ord. x =-: 

sic 4 g: - - • c ■■ 
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*—-S ord. cx— C ord. 2x+ 10 ord. # . - 

ora. x =--- - ; and umverfally, 

if n be any number; a the co-efficient of the fecond 
term of a binomial railed to the power n, b the co¬ 
efficient of the third, 8cc. and/> the greateft co-efficient:: 
when n is an even number, 

~~i —__ a kf. nx — a a ^* n —abf. n —4X x .. % p 

oro* x *— ■ ■.* ■ ~ ■ ” * 






but when n is an odd number, 


ord. x 


orci. nx — a ord. n —2 x x+b ord, n —4 xy.. ..... 4= p ord. x 




If now x denote an arch of a circle, by fubftituting and 
changing, the ligns as off as ord. x occurs in any of the - 
preceding expreffions, we get 

-- 2 ' I-'Cof. 2X 

fin. x = ----; 


fin. x 


3 fin. x —fin. 3* 

“ 4 ~ : 

3-4 cof. 2JC+COf. 4 * 


fin. X 

~z - 5 10 fin. x —5 fin. 3*-(-fin. KX , . r • 

fin. x - - - l6 -- - . . —: and umverfally, if. 

n be any number,/) the greateft co-efficient of a binomial 
raifed to the power n y h the co-efficient next lefs than/?, , 
b the co-efficient next lefs than a, and fo on: when n 
is ail even number, , 

r — 71 — — A CQ ^ ^ 4*— &e. 

1111. X — ■ 23 n.—x ; > r ■ ' 9: 

but when n is an odd number,.:; / 

“- n P fin, a: -A cof. 3 X+E cof. 5 *- &C. - ' 


fin. x 


Qn—I 


Thefe 


; -v/t 
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Tnefe feries differ from the former only in the figns, 
and the arrangement of the terms; and when either n, 
or n- 1, is divifible by 4, the figns remain the fame in 

both. 

16. The reafon of the foregoing rule for changing 
the figns is, that the rectangle under two ordinates to 
• hyperbola is always exprefled by the diilu. cir-e of 
two abfciflre : and that if from the abfcifs belonging to a 
greater fe&or, be fubtra&ed the abfcifs belonging to a 
•jefs the remainder \yill be affirmativewhereas, if from 
the coline of a greater arch be fubtracted the cofine of a 
lefs, the remainder will be negative. Therefore, that the 
,rectangles, expreffed by thefe remainders, may have t 4 he 
Tame fign, in both cafes, the figns of the remainders muff 
ibe different. 

It appears then, that the fecond rule, as well as the 
ffirft, is founded on the principle of; analogy when taken 
-withthe necefiary limitations, and it is like wife evident 
from the inftances which have been produced, that thofe 
rules lead to the very fame conclufions which are ob- 
tainedfromthe imaginary values of the fine and cofine. 

There are, however, inftances in which the analogy 
between the circular and hyperbolic areas being wholly 
interrupted, neither the foregoing rules, nor any of the 
Tame kind, can he applied; hwlrthis occafions no anabi- 



Arithmetic of impojjible Quantities. 339 
gnity for the conftrudtion required in fuch cafes is by its 
nature reflridted to one of the curves only. Of this kind 
is the Cotefian theorem, which requires the whole circle 
to be divided into a given number of equal parts, and 
therefore cannot be extended to the hyperbola where a 
iimilar divifion is impoifible. Others of a like nature 
may be derived from the general theorems already in- 
veftigated; for the circle, by returning into itfelf, often 
reduces them to a limplicity to which there is nothing- 
analogous in the hyperbola. Many-examples of this 
might be adduced, but the two following may fuffice. 
1. Let abode (fig. 5.) be a regular polygon inferibed in 
a circle, and let m be the number of its tides; it is re¬ 
quired to find the fum of the lines fa, fb, fc, &c. drawn 
from any point f in the circumference, to all the angles 
of the polygon. By the method which in art. 8. was 
employed to obtain the fum of the fines of a feries of 
arches in arithmetical progrefiion, it will be found, that 
the fum of the chords of the arches a+x> a+ 2 x f 


. . . . (m), that is, (making fa=^, and ab=a?) the fum 
of the chords of the arches fa, fb, fc, See. = 

V '■ . Siryy" 

cho. ch o,.?— x+cho.a + mx-r-x , ^ 

font cafe, mx is equal to the circumference, and therefore 


-cho. a+mx-* cho.k! (ffate chqndhfaq, ^ch-greater th an 

VOL. LXVIII. Xx \ J. the 

" ' ■ t mil : 


iM o.ir y? 
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the circumference being negative); and, for the fame 

reafon, cho. ^Hb^A'-^-cho. a- ix— + ch o. x- a. Hence 

cbo. ^+cho, x—a 

the general exprefiion becomes — nz^ri7~ - fa + fb + 
FC+ .... O). If therefore gk be drawn from the 
center, bifeaing the chord ab in h, and meeting the 
circumference in k, the fum of the chords, that is, 


FA+FB+FC+FD+FE = - x GK. 

i. Let n be an even number, the reft remaining as 
above, and let it be required to find the fum of the'« 

powers of the chords, that is, the fum of fa +fb. +fc 
..... ini). By reafoning, as in the cafe of the fines, 
it will appear that, if p be the greateft co-efficient of a. 
binomial raffed to the power n ; a the co-efficient next, 
lefs thairj& ; b the cO-efficient rtext lefs a. and fb on, then^ 


cho. a —p -2 A cof. <J+2B cof. 2 4+2D cof. 3<2+ &C- 

; cho. a + X zzp - 2 A CoE2 B cof. 2 Xs+*+2D Cof. 3X<!+*) &c. 

cho. —-p — 2 A cof. a+^+ 2 B cof. 2 X<H- 2 * 4 - 2 D cof. 3 Xa+2ar, &c. 

&c. ■ 

Each of thefe%eftical columns is to be continued down¬ 
ward, till the humbbr §f terfttshe equal to m, and there¬ 
fore the fum df thsnlecudfedi is trip. The fum of the third, 

or of — 3Axcofi a +. (j%),'by 


cof. a —coff a— a^mx^x ... 


art. 8 . is -Vax ___ 

2 X 1 —coE* 

(becaufe mvc- the circumference) 
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cof. ft—cof. eof. a —y-j-cof. a—x 


-o» In like manner do 


"" 1 —cof. x 

the fums of all the fubfequent columns vaniili; arid 
therefore, cho. <z+cho. a+x+ch o. a+ 2x .(; ni)—mp . 

^ i , f«+1 ?? 

But when n is an even number, P-r ,— t x by—;.. x — 

s= hM-?- ‘ ‘ x if therefore the radius be put 

= r, and the exprelfion made homogeneous, we have 

FA +FB +FC 


. . . (ni) = mx -fff. -rr x 2 sB r K . 


.2.3.4. 


E. I, 

.This laft coincides with the forty-firft of the curious 
and difficult propofitions publifhed by Dr. stewart, 
under the title of general theorems: it is given there 
without ,a demonftration, but appears plainly to have 
been inveftigated, in a manner altogether rigorous, by 
that profound geometer. It may therefore be regarded 

one of the instances, in ytffich the cbnclufiohs of this 
imaginary arithmetic are > verified by the geometrical 
ipi^yfis. ■ : ’ 

17. Th e two foregqing propqfitions being confined to 
the circle, apfi yet'having been inveftigated by the help of 
imaginary eXp^ffiAns ? may, at firft fight, feem except 
•tipns to the stales ^bf^jr.^r^aye ,been endeavouring to 
■eftablifh. But it ne^^^r^be^emarked, that they 
are g^rtispl^ cafes certain theorems belonging both 
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to the circle and hyperbola, and that it was into the in- 
veftigation of thofe theorems, that the imaginary expref- 
liqns were introduced. 

The conclufions therefore from the whole are thefe: 
that imaginary expreffions are never of ufe in inveftiga- 
tion but when the fubjeCt is a property common to the mea- 
fures both of ratios and of angles; that they never lead 
to any confequence which might not be drawn from the 
affinity between thofe meafures; and that they are in¬ 
deed no more than a particular method of tracing that 
affinity. The deductions into which they enter are thus 
reduced to an argument from analogy, but the force of 
them is not diminhhed on that account. The laws to 
which this analogy is fubjeCt; the cafes in which it is 
perfect, in which it fuffers certain alterations, and in 
which it is wholly interrupted, are capable, as may be 
concluded from the fpecimens above, of being precifely 
afcertained. Supported on fo fure a foundation, the arith¬ 
metic of impoffible quantities will always remain an ufe- 
ful inftrumerit in the difcovery of truth, and may be of 
fervice when a more rigid analyfis can hardly be applied. 
For this reafbt^.' : 'd&®LCernihg it, which in 

themfelves might be deemed abfurdyare neverthelefs not 
deftitute of utility. M. BERNOufpf has fbuhd, for exatn- 
ple, that if r be the radius of 


i 
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= 4- log- v— 1 r . , anc i the fame may be deduced from art. 4. 

Confitoed as a quadrature of the circle, this imaginary 
theorem is wholly inf.gnificant, and would defervedly 
pafs-for an abufe of calculation; at the fame time we- 
learn from it, that if in any equation the quantity 
ijfc fhould occur, it may he made to difappear, by 

the fubftitution of a circular arch, and a property, com¬ 
mon to both the circle and hyperbola, may be obtaine . 
The fame is to be obferved of the rules which have been 
invented for the transformation and reduaion of impof- 
fible quantities": they facilitate the operations of this 
imaginary arithmetic, and thereby lead to the knowledge 
of the moft beautiful and extenlive analogy which the 
doftrine of quantity has yet exhibited. 

W The rules chiefly referred ,o are ft**, ^hg ft. I*** 
of an equation to the form a+ev'— 
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' paa and Gravity. By the Rev. Ifeac Milner, M. A. 
Fellow of Queen’s College, Cambridge. Communicated 
iy Anthony Shepherd, ftBUS and Plumian 
Profejor at Cambridge 


ze. 


KeaJ Feb. a6 3 r'T*' HE theory of moving bodies was little 
; 177.8- 1 underftood by the philofophers who 

lived in the Sixteenth century. They obferved, that a 
bodv.once put into motion, continued to move for feme 
time after the force was impreffed; but they argued very 
ftrangely from this ordinary phenomenon. Far from 
confidering the air as a refitting medium; they fuppofed 
with ARISTOTLE and the ancients, that it was the perpe- 
P arts , of *e atmofphere which con¬ 
tinued to urge the body forward andpreferve its motion. 
When a body; is^e^&wy^rei^on inclined to the 
horizon, the gravity As farts is always obferved to 
bend the feafon of its motion into a curve line; and 
becaufe this gravity the fame, what¬ 

ever the force of projedhon be, in very fwift motions, the 

figure defcribed may approach very nearly to a right line. 

;■yfy'yy-'- 'This 
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This laft circumftance induced fome of the philofophers 
we are fpeaking of to believe, that a cannon ball, for in- 
fiance, always moves in the fame firait line till its velo¬ 
city is entirely deftroyed; and that afterwards it defeends 
towards the earth in a direction perpendicular to the ho¬ 
rizon. Others thought they mended the matter by fuf- 
pending the adtion of gravity for a certain period only; 
by allowing the latter part of the path to be curvilinear; 
and laftly, the body to defeend to the earth in a ftraight 
line, as in the former cafe-. We, in thefe days, who have 
feen the gradual improvements in mechanics from time 
to time, are not furprized, that men, in the infancy of 
that feience, fhould have embraced abfurd and ridiculous 
principles: we rather wonder, how the author (a) of the 
notion juft mentioned was able to form any juft eftimate 
of the horizontal ranges of .projectiles, ; and to difeover 
their maxima. . Whether by conjedlure, or probability 
-of induction, we are unable to determine; but fo it was, 
tartalea affirmed, what has fince been found true upon 
unex^ptiQnable evidence, that the amplitudes: of pro- 
jedliles upon the horizon are always greateft when the 
bugles of proje<ftk»» -areotpial to 45 0 . But the prabfe of 
fthtijS: difeovery, as wpll as 

: v b 

■ .; ... j..;-. 
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is juftly due to the incomparable galileo. The theory 
of mechanics had received no confiderable impiovement 
ilnce the time of ar.chimed.es, when this iurprizing ge¬ 
nius appeared in the former part of the feventeenth cen¬ 
tury. He difcarded the peripatetic philofophy; explained 

the whole dodrine of accelerated motion and ot projec¬ 
tiles: in a word, he fo much exhaufted the fubjed, that 
the beft treatifes we have at this day are little moie than 
a repetition of Galileo’s difcoveries. 

This philofopher, as far as we know, never attempted 
to inveftigate the laws by which motion is communi- 
cated from one body to another. The celebrated des 
cartes is the firft we hear of who gave any attention to 
'the fubjed; and the refult of his enquiries is what might 
reafonably be expeded from fo whimfical and romantic 
a genius; he blundered in this, as in all other cafes, 
where he was not confined to pure mathematical rea- 
fonings. Our countryman, Dr. wallis, made a real pro- 
gfefe in this hience^ by difcovering that fundamental law 
in the communication of motion, viz. that adion is equal 
tore-adion, and alw#s ifi contrary 'diredions: wren, 
huygens, confirmed the fame thing; and the whole 
theory of the collifion of bodies, and their mutual adions 
upon one another, feemed to be , advancing faft towards 
perfedion., „ .. h , f ;r ' * 
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Biit a new opinion was now ftarted by M. Leibnitz 
concerning the forces of bodies in motion. The force of 
a body in motion and its momentum had hitherto been 
confidered as fynonymotts terms, -and had alike beenmea- 
-fured by the quantity of matter and velocity conjointly* 
On the contrary, leibnitz and his followers affirmed, 
that the force was proportional to the quantity of matter 
in the moving body and the fquare of its Velocity. It is 
needlefs to relate all that palled on both tides: lo 
terial an oppofition in fentiment necefFarily produced 
Very warm contention'; and, as it generally happens in 
other difputes, We do not hear of any conviction being 
produced on 'either-fide. . ' 

After Purveying the arguments of the difputants, it is 
not eafy to fay, whether the agitation of the queftion 
before us has contributed to retard or advance the pro* 
grefs df truth -and fcierice. ‘On the 0 n£ hand, many in* 


genious experiments have been made, many curious pro¬ 
blems invented and refolved, which probably would 


fieVeh 5 hce have been thought hf by ihen ^10 Urefein 
*the purfuft df truth in a more cool and deliberate wayi 
■and, oh the 6 ffi^r‘hahd,'" ; it bfe affirmed, that 

“the violence Of prejhcbce and party*fpirit has fo much 
clouded the reafonings of the heft writers, that we fenfi- 
bly feel their influence ththis day. I need not diffemble: 

vol. l xvii l 

, 1 !* 
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it is a ferious perfuafion, that the laws by which motion 
is communicated are ftill very materially miftaken by 
fenfibie perfons, that induced me to throw together the 
following hints, and to lay them before the Royal So¬ 
ciety. . The right underftanding of thefe laws is of the 
laft importance in pradtice: the good or bad fuccefs of 
feme very expen five projects has depended upon it; and 
certain excellent artifts have been difappointed in the 
execution of their plans, and unable to reconcile the ap¬ 
parent contradiction between theory and experiment. 
From the length of time, which has elapfed fince Leib¬ 
nitz firft advanced his new opinions, and the abilities of 
the philofophers who engaged in the conteft, one might 
have, expedfced, that the whole matter would long before 
this have been cleared up in a fatisfadtory manner; efpe- 
cially when we confider, that the communication of mo¬ 
tion from one body to another is what every moment 
happens before our eyes, and that particular experiments 
are made in this dodtrine with the greateft fimplicity and 
convenience. This part of rational mechanics however 
is not yet generally underftood, as we may fairly pre- 
fume from the difference of opinion which ftill fubfifts 
among the learned. I freely own, it appears to me, that 
no new experiments are wanting; no new geometrical 
reafonings or conftrudtions: the improved parts of geo- 
, . _metry 
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metry have been already applied to the theory of motion 
in numberlefs cafes, and a variety of well attefted expe¬ 
riments have been clearly explained to us by authors. 
The laws of motion, in certain cafes, are incontellable, 
and no author of eminence contradicts them: it is from 
a miftaken application of thefe laws that a difference of 
opinion has arifen. It is obvious, that the laws of motion, 
as defcribed by Sir isaac newton, may, in a certain 
fenfe, be founded on experiment; and yet, if they are 
extended to cafes where they cannot be applied, the coh- 
clulions mult Hill be erroneous. My defign in thefe 
pages is to point out diflinctly what is real in this dif¬ 
ference of opinion from what is merely verbal, and to 
explain the caufes of it. This, which perhaps will ap¬ 
pear to have never been done with fufficient precifion, 
feems to be the molt effectual way of preventing mif- 


takes. Geometry and algebra will lead us wrong, if our 
principles are ill founded: experiment itfelf, if we are 
not extremely careful, will deceive us in forming *a g;e- 1 
neral deduction, or what is called a law of nature. The 
controversial writings of the mofl able authors will em- 
barrafs and perplex our judgements; but when we have. 
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{hall both underftand the fubjed better than we did be¬ 
fore, and be more, on our guard for the future.. 

The firft law. of motion,, as exprefled, by Sir is a a c- 
newton, is unexceptionablenobody denies that a body 
perfeveres in a hate of reft or uniform, motion in a right 
line, till affeded. by feme external influence. It is the 
third law. of motion which has produced all: this con fu- 
flon. and- perplexity. u Adioni contrariam Temper et 
« sequalem efie- readionem: five corporum duorum ac- 
u tiones in fe. mutuo Temper aequales et in partes con- 
u trarias dirigi.” T.hefe. words- of Sir ISAAC, newton:. 
convey to us, as clear, an idea as can ppflibly be conceived 
withfo much concifenefs.. It muft however be confefled,,, 
that flis illuftration is-not To very perfpicuous A; . To fay,„ 
that when a man preffes a .ftone withhis finger,, his fin¬ 
ger is. equally prefled; and When. a. horfe draws a ftone 
by a. cord,, the horfe is drawn equally backwardstowards 
the ftonejis a-moftindiftind and, popular way of {peak-- 
ing, and .can never make evident what was before not; 
underftoo<h ^ 

. (k) (^icquid p^mit eo pteimitar yqlj tra- 

hitur. Si qtjis lapidem digito- preisit, .greipitur et hujus digitus a lapide. Si 
extras lapidem funi alligatum traW§' \&*8&itur etiam et equus (lit ita dicam), 
sequajiter in lapidem; cam selfmAelaxandi. fe, c«nalji 

urgebit, equum verfus lapidem, ac lapidem veffus equujnj. tapttimque impediet 
progreffitm uaius quantum ptdfiiotet &d»*'' SBifrTO&T&Kip. 

' ■ ' . : : f. - -; ;\;t 

Some 
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Some ufeful writers, who have copied after Sir Isaac 
newton,, have talked in the fame, way; and only in- 
creafed the ambiguity by being more diffufe. Mr. mac— 
laurin himfelf,. who engaged very warmly in this de¬ 
bate with the foreign mathematicians, and who, to fay the- 
truth,Teems-to have underftood the nature of the con- 


troverfy better than any one elfe, is frequently unguarded. 
in his expreffion. In chap. II. book 2. of his account of 
newton’s difcoveries,he is defcribing the laws of.rnotiom 
for the firft time, and one naturally experts a more than 
ordinary precifion and. exadtnefs. There he blames,. 


very juilly,. the oppofers of the Newtonian definition of 
motion for miftaking the direction in which the motion,, 
loft or communicated, ought always to be eftimated. But. 
in p. i.2.2r. w , he. thus exprefles. himfelf: “ When two: 
“ bodies meet, ,eacfi, endeavours to perfevere ip its- ft§te, s 
u and .refills any change; „ and becaufe the which; 

“ is produced in eitheiymay be equally meafured by the.: 
“ adtion, which ft- exerts-upon the other, or by the re- 


“ ,fift|ncej., w^ich it meets , with from it, it 
“the q|^|pes r pcBipoed..in the motions 
“ equal ; b»t fn.qpnt^ry diredtioh^, I 

poffibly &jl%band accunate aphilqfo- 

pher could J&w OJ f motion was ap* 


(c) Oftayo £&tioa, 
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inference of reafon, exclufive of all experiment; and 
yet, if words have any meaning at all, the above quota¬ 
tion inclines us to think fo. It is true, the change which 
is produced in either body may be meafured by the 
action which it exerts upon the other, or by the refin¬ 
ance which it meets with from the fame: but what are 
we to underftand by addon or refinance, until they are 
explained by more intelligible terms ? or, when they are 
explained by terms which do not neceflarily imply the 
fame thing, how do we know that their meafures are 
equal, or that they are made in contrary directions, until 
thefe truths be eftablifhed by experiments? A law of na¬ 
ture is not merely a deduction of reafon: it mu'ft be 
proved, either at once and direCtly, by fome fimple and 
decifive experiments; or if that cannot be done, by fuch 
experiments as enable us to collect its exigence by the 
affiftance of geometry. However obvious thefe reflec¬ 
tions may appear, I thought itneceffary to take notice of 
maclaurin’s aflertion; becaufe in confequence of that 


and fimilar exprefiions, young philofophers are ex- 
treihdy ptizzled in the beginning of their ftudies, and 
becaufe 1 have known fome, who are more experienced, 
affirm, that the third law of motion is nothing more 
than a definition. I now proceed to the-Eonfideration of 
particular cafes. '' §1 ■ 


CASE 


7 
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case the first. Suppofe a and b to reprefent the 
magnitudes of two Spherical bodies, and a and b their 
refpedtive velocities in the fame direction; fuppofe a to 
he greater than and a will overtake b ; and if the bo¬ 
dies. are non-elaftic, they will proceed together in the 
fame direction as one mafs: if they are perfectly elaftic, 
whatever effeCt has already been produced by the colli- 
iion, will be repeated; and, becaufe in the firft cafe there 
is no relative velocity after the ftroke, in the fecond the 
relative velocity before and after the ftroke will be the 
fame, and in contrary directions; and in either cafe, the 
motion loft by the ftriking body is found to be always 
equal to the motion communicated to b, and in a con¬ 
trary direction. In this fenfe action is equal to re-aCtion; 
and every experiment which has yet been produced, 
where a clear judgment could be formed of the effeCt, 
has confirmed the fame thing. All the experiments 
which are ufually brought to determine the impreffions 
made upon foft bodies, as fnow, clay, Sec. are abfolutel y 
unfit for the purpofe. The circumftances, which take 
place in the production of thefe effects, 'are fuch as we. 
can never difcover. f direftioiis in which the parti¬ 
cles recede, the velocities they acquire, their mutual ac— 

... ■■ ■» '•'■■■AX i j' £ r, ■■ X •'•• ■i',.A’V',Vr,,\y ’'A ... .V. c V - tA' ?■ A ■ '.■O'! -.' k • ■ 

tions upon one another,, and laftly, the time, in which. 

\ y , 1 ' In’ •' f 

thefe effects are performed,- are all beyond the reach ot 
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computation. The other principle, that the relative ve¬ 
locity of A and b is not altered by the ftroke, is neither 
to be demonftrated nor confirmed by experience; it is a 
flireft confequence of the definition of elaftidty. Again, 
fuppofe * and (3 to reprefent the refpeftive velocities of 
A and B after the ftroke, and from thefe data it is eafily 
inferred, that m-m/JW-w*: for a-b is equal to 
a ^ becanfe a-b is the relative velocity before, and 
S-Di'the relative velocity after, the ftroke. And Ka+sb 
is equal to Att+BjS, becanfe thefe quantities reprefent the 
fum of the motions before and after the ftroke respec¬ 
tively; and froiti thefe equations the above equation is 
deduced, fheffing, that in elaftic bodies the fum of the 
lib feaes IHtiteplied by the fquares of their abfcdute 
-reibcities, is riot altered by the ftroke. 

The fame theorem A _a--j----r—— d 

demohftrated * 

dh the fbhbwing the velod- 

tifekfef % &iid !b fee beprefehted by ihj aB, refpe&ively; 
arid l^bfee ^rc^ ofgr^, when placed aO 
and d; ffie of a after the ftroke will be Tepf^ 

tented by 4%##'*»hqbal tb.Sb, and UK? velo- 
^ty of B by AB+tB8. "frofti fhe na«fe b&fhb cetfter of 
gravity Ak gd = Bxb&> i&d ax'gdx 4 ag—bxBG k 4 A. 6 — 



Motion by Impact and Gravity. 355 - 

B x 4 bg 1 + 4BgTa^ Add to both Tides a x a ^+bxab% 

and we fhall have a x ad 2 + b x ab 2 = a x a^ 2 +b x ab+ 2BG a . 

We are not to wonder, therefore, upon making trials 
with perfectly elaftic bodies, if any fuch exifted, were we 
always to find their vires vivee^ as the foreigners exprefs 
themfelves, neither increafed nor diminifhed by the 
ftroke. They define the force of bodies in motion, or 
their vis viva , to be in a compound ratio of their Quan¬ 
tities of matter, and the fquares of their velocities; and 
certainly fuch a definition implies no coritradiaion or 
impofiibility. The term force, in a loofe and ordinary 
way of fpeaking, conveys to us no determinate idea at 
all, and therefore, until it be defined, is incapable of 
being ufed to any good purpofe in philofophy: whe¬ 
ther this or that definition come nearer to the general 
fenfe in which it is ufed indiftin&ly enough in common 
language, is entirely another queftion. We may go far¬ 
ther, and add, that in their ufe of the words,becaufe the 
fum of the forces of elaftic bodies is neveraffeaed by 
thb ftrbke^ it is hot unnatural to fay,'that aaion is there¬ 
fore equdl to fe^aaion, that ndtfbrce is loft by. one 
body but what is communifcatedto the other: But if we 
Will go fo far, ! and’^^fbby ,; ^ 3 pS^if:; the meaning of the 
terms aaion and re^aaion as^^hdir meafures, we ought 
at leaft to guard our readers from miftaking us,however 
VOL. J.XVI 1 I. convenient 
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convenient fuck modes of expreffion may appear. Ee- 
c'aufe a & 2 + b/3 2 is equal to a^ + b^, it is true that no force 
is loft by a but what is communicated to b ; but not in 
the fame fenfe in which it was affirmed that no motion 
is loft by a but what is communicated to b. In that cafe 
the fquares of their abfolute velocities are underftood; in 
this, their velocities reduced to the fame direftion. How¬ 
ever, no material ill confequence can poffibly arife from 
fuch a notion of adtion and re-adtion, as long as the quef- 
tion is fuppofed to concern only elaftic bodies: but real 
mifchief is done, and the debate ceafes to be verbal* 
whenever the law of the equality of adtion and re-a&ion 
is faid to take place in the collifions of all forts of 
bodies. 

, CASE THE SECOND. But the truth of thefe remarks* 
and the neceffity of attending to the precife ufe of terms, 
will appear in a ftill ftronger light, if we confider the fo- 
lufton of aprqblem given us by j. Bernoulli^. 

*Suppofe thftt two; equal and fpherieal bodies, a and b, 
ftruck at . once m diredHon cd perpendicular to the 
line joining t^eeuteps pf -A and b with a velocity repre* 
fented by a. Let the,quantity of matter in c be-called 
m > and the quantity of matter in a or b, n : let the veto* 

6 c, . ■ ni*. 
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city of c after the take be reprefented by x, and that of 
a or b in. the direction ac pr cb by y 7 , and fuppofe 
p : rad.: cofin. lcd. Then, hecaufe ma the quantity 

of motion before the ffcroke is equal to the 

quantity of motion after the ftroke, and ma 1 is equal to 
m x^+n ny^i becaufe the quantity of force is'fii&altefdtf 1 

by the collifion; he eafily finds and y = 

. . if! . l- ' '.i ■" ' '■ r m "T i n 

upgma 1 ' ■ ■ . . . 

p"m+2,?n' h. r:-> . iU’-s'. i;,,.-.,; ' '■■■■■. 

fideied than this by a having aucWr 

■- Zza ;■ 
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idea of the grounds of that contention which has iub- 
fiftecl fo many years. We here fee Bernoulli taking it 
for granted, that the quantity of force in elaftic bodies is 
no ways affedted by their mutual addons, whether diredt 
or oblique; and the moft furprizing circumftance is, that 
Be fhould not fo much as hint at any apparent difficulty 
in the prefent cafe, after he had been fo very diffufe in 
illuftrating others which were much more iimple. No 
doubt he believed this principle to be a diredt: confe- 
quence of the equality of action and re-a&ion, and there¬ 
fore it is plain he could not mean the fame things by thofe 
terms as we do at prefent. He believes no force is gained 
or loft by impadt; he defines force by quantity of matter 
arid fquare of the velocity conjointly; and in eftimating 
the velocity, he pays no regard to the dire'dtion in which 
the bodies are moved. Let us not cavil at his words: we 
cannot miftake his meaning. The queftion is, how far 
thefq hotions -are agreeable to experience j how far they 
are cphfiftent ;: ^^h.':j[i^||^ other principles which are •in-. 

has admitted: for in- 
ftance, he a<hffits it as^ ^ ■T^h^oubted principle, that the 
quantity of rnotidn in any fyftem of bodies is preferred 
invariable, when eftimated in a given diredtion, in all 
their colliftons and mutual adtions upon* one another; 
and in this he entirely agrees with the followers of. Sir 

" f >, / .. ; ' ' 1 ' ISAAC: 



Motion by ImpaSi and Gravity. 359 

isaac newton. Let us attend to the confequences of 
thefe two different principles in the very cafe propofed 

by j. Bernoulli. And firft, becaufe ma-mx-b-^—* 

by tranfpoiition we have which is faying 

no more than that the motion loft by c is equal to the 
fum of the motions gained by a and b, eftimated in the 
fame direction on. By a fimilar procefs from the fecond 
equation, we deduce my.a J rX*a—x—inq > '\ and there¬ 
fore the companion of the two equations gives q ^~d —y. 
The quantity y therefore, or the velocity of a or b after 
the Broke, muft neceffarily be equal to the fum of the 

two quantities ~ and In the figure, let cd reprefen t 
the velocity of c before the ftroke, and ch the velocity- 
after it, and let fall the perpendiculars h n, d.l, upon the 
direction ac. It eafily appears, that cn is equal to 

y and cl equal to becaufe ch : cn :: CD : cl :: rad. r 
cof. lcd :: q :p. And now the whole controverfy is re- 
dueed into a narrow compafs; for whether the two prin¬ 
ciples affirmed by this author be confident with experi¬ 
ence or not ; it is impoBible they fliould be confiftent 
with one another, unlefs cn+ch fhall be found to mea¬ 
sure the velocity of a in the direction cl. Suppofe cr to 
he the velocity of c after impadt, when all the bodies are 
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perfectly hard, and letting fall the perpendicular rs; as 
will be the velocity acquired by a in that cafe; and, uni- 
verfally, the velocity acquired by a will be equal to 

c j+^, if the elafticity of the bodies be to perfeft elafticity 
as i : m. In order to determine, therefore, when ctz + cl 
can podibly be equal to c t + —, or, which is the lame 
thing, LS+cn equal to we are to confider that nsx'Lsv, 
i:m: and becaufe c;z is equal to cs—sn , cn—cs— — 
and it is obvious that cj+lj--^ can never be equal to 

— , unlefs m be taken equal to unity, and Bernoulli’s 
hypothecs is plainly impofllble in all cafes where the 
bodies are not fuppofed perfectly elaftic. 

But though we confefs the learned author, who firft 
folved the problem we have been confidering, deferves 
no commendation for propoling in a general form what 
ought to have been reftrained to a particular cafe, yet it 
will by no means follow, that every argument which has 
been advanced againft this doctrine is either intelligible 
or fatis factory. Of all the objections and experiments 
which have been ftarted and contrived to refute the 
new opinions of the German philofophers, there is none 
which carries a greater degree of ; 

it, than a celebrated invention ojf ‘Mc/U AdLAuRiNi ’ ;'ftiS' 

extremely 
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extremely Ample, eafy to be defcribed; and 1 do not find 
that it has ever been answered by any of the advocates 
for the new dodtrine of forces. 

“ Let a and b be two equal jj fir 

u bodies that are feparated from 
££ each other by fprings inter- 
<£ poled between them, in a 
<£ {pace efgh, which in the ® ®* 

<£ mean time proceeds uniformly in the direction b a (in 
££ which line the fprings adt) with a velocity as 1; and 
<£ fuppofe that the fprings imprefs on the equal bodies a 
C£ and b. equal velocities, in oppofite directions, that are 
t£ each as 1. Then the abfolute velocity of a (which: 
££ was as 1) will now be as a; and according to the new 
“ dodtrine its force as 4: whereas the abfolute velocity 
“ and force of b (which was as 1) will now be deftroyed; 
£C lo that the adtion of the fprings adds to a a force as 3, 
<£ and fubdudfcs from the equal body b a force as one 
<£ only; and yet it feems manifeft, that the adlions of the 
<£ fprings on theie equal bodies ought to be equal, and 
u M. BEB NOtrLLi exprefsly owns them to be fo /£/l . I fhall 
only.juft dbferve, that if M. Bernoulli exprefsly owns, 
that iprmgs, interpofed between two bodies in a fpace* 
which is carried uniformly in the diredtion in which the 

(e) Book II. chap. 2. Account ofc newton’s difcoveries. 
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{prints aft, will always generate equal forces in the bo¬ 
dies according to his own definition of that term, he talks 
more inconfiftently than I have obferved him to do: on 
the contrary, if 1 could find that he has anfwered this 
famous argument (which Dr. jurin propofed over again 
in Phil. Tranf. vol. xliii. with a conditional promife of em¬ 
bracing the Leibnitzian dodrine) by fimply faying, that 
fprings he confiders as motive forces, or, when the bodies 
are equal, as accelerating forces; and that their actions 
are equal, when in equal times they generate equal velo¬ 
cities, but not neceffarily equal forces, in the equal bo¬ 
dies; I fliould not make the lead: fcruple to own that I 
thought his reafoning folid and conclufive, and his.dif- 
tindions a full anfwer to every objection of that fort w . 

CASE THE THIRD. The two preceding cafes are cu¬ 
rious examples of the force of prejudice and party-fpirit. 
In the latter particularly it does not appear that j. ber- 


(f) No doubt maclaurin refers to the following paffage of Bernoulli, 
« La force clu choc, ou de l’aaion des corps les uns fur les autres, depend unique- 
' <• menu. leur, tefp.ai.o; ot il dl viSble les “TP*™ 

“ des corps ae changent pas avant le choc, foit que le plan ou 1 efpace qui 
- contient foit fans mouvement, foit qu’il fe meuve uniformement, fmvantune 
« direction donnee, les viteffes revives feront done encore les memes apres 

lc chOC ** 

This quotation puts the matter beyond difpute. It is plain, BERNOULLI, 
though he does make ufe of the word aftion, is only fpeaking of the motion toft 
or communicated, and the relative velocities of the bodies:- there w not the 
molt diftant hint at the change in their abfolute foices. : 

Vi,: 1 noulli 
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■NOULLi knew the prefervation of the vires vivs to be an 
infallible confequence of perfect elafticity in bodies; or 
indeed that he had any other reafon for taking that prin¬ 
ciple for granted, but becaufe he was not able to prove it. 
All the inftances that are ufually brought on both fides 
are to be treated in a fimilar way. The meaning of the 
terms muft firft be defined; then the principles affirmed 
explained; and if we cannot tell at firft fight, whether 
they are agreeable to experience or not, as is frequently- 
the cafe; we muft examine into their confequences by 
the affiftance of geometry, and we fhall at laft arrive at 
fome fimple principle, the exiftence of which is necef- 
farily implied in the original hypothefis. The collifion 
of fpherical bodies is the moft fimple way of communi¬ 
cating motion from one to another; and therefore fuch 
examples are better adapted to throw light on a difpnta- 
ble queftion, than where the fuppofitions are more per¬ 
plexed with mechanical contrivances. Befides, when the 
theory of mechanics is well underftood, and the founda¬ 
tions of error difcovered, the fame reafonings are eafily 
transferred to other cafes, and fimilar precautions applied. 
Indeed practical artifts have little to do with the fud^ea 
communication of motion by impadt. The collifions of 


bodies are too violent operations to enter into the coin,? 
Yon. LXYHI. A-a a . ‘ 
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pofition of ufeful machines, in which motions are rather 
to be preferred by the gradual effedts of weights and 
preflhres. An accurate knowledge therefore of thefe 
effedts is more effential to" the interefts of fociety; and 
the only way of arriving at fuch a knowledge is always 
to diftinguilh thofe principles which nobody denies* 
from thofe others which are found to take place only in 
fame particular circumft ances. The following problem 
was propofed, and a folution given to it long ago, by 

D. BERNOULLI f * J , 


(g) Commeat, Petrop. tom. II. 
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££ Sit grave aliquod 
££ cujufcunque figurae? 



££ cba, cujus centrum 
££ gravitatis fit d ; ex quo 
££ et radio d m defcriptus 
££ intelligatur circuius 

c 

££ mnp, cui filum cir- 
££ cumvolutum eft pmn, 
££ cujiis fili extremitati 
££ appenfum. fit pondiis 
££ Q., quod defcenfu fuo 
££ grave cba in gyrum 
££ agit circum centrum 
££ gravitatis d, dico velo- 
££ citatem corporis q_ fe- 
££ quentem in modum 
<£ determinari pofFe. Sit 
£ * Md - a 1 confideretur 
££ corpus fufpenfum ex 
££ puiidtb m ofciUari,efie- 
<£ que centrum’ ofcilla- 
££ tionis in o, fitque 


cb A—p j poridus. corporis 
^ a^penfi = pi Stpik <,delapfuni eft =r ; 

« altitudo quaefita per quam grave aliquod cadendo ac~ 

A a a a “quirere 
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*< quirere poffit velocitatem corporis q=^; .dico fore 
« , et li tempus quo corpus naturaliter cadit, per 

« altitudinem r dicatur /, erit tempus infumptum a cor- 
« pore id quod experientise conforme effe 

« plurimis inftitutis experimentis Temper inveni.” 

Both thefe conclufions are derived by this author from 
the principle, which they call the confervatio virium vi-- 
varum; but as he has not given us the feveral Heps of 
his reafoning, it may be ufeful to fupply them here }i be¬ 
fore we proceed to make, any remarks upon his folutiom. 
And firft, fuppofe the axis at d to be perpendicular to the? 
plane of the figure, and conceive the whole, body to be 
refcdved into an indefinite number of prifmatic particles,, 
each of which is perpendicular to the fame plane. Let 
E reprefent the fum of all the particles multiplied by 
the fquares of their refpe&ive diftances from the axis 
and e fhall be equal to sxab, as is demonftrated by all; 
the writers who treat of the center of gyration. Let v- 
be the velocity which is actually acquired by (Rafter it has, 
defcended through the fpace r ; v the velocity which it 
would have acquired by the fame defcent, provided the 
body had fallen freely by its gravity; and becaufe the 
vires viva are incapable of diminution or increafe, we. 

vhaye ; . 
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have pY*=pv 2 + -----. For fince v is the velocity of 
at a certain period of its defcent, and is to the velocity 
of any prifmatic particle in the body as the diftance nm 
from the axis to the diftance of that particle from the- 

fame, it is evident that ~will truly reprefent the fum 
of all the particles multiplied by the fquares of their ve¬ 
locities. v 2 is therefore to v l as ap+bv to ap y and the 
whole force of gravity is to the force which accelerates 
the motion of Q_in the fame ratio, becaufe in uniformly 
accelerated motions, when the fpaces defcribed are the 
fame, the accelerating forces are in the duplicate ratio of. 
the velocities. It is obvious, that the motion of qis uni¬ 
formly accelerated, becaufe the velocity acquired by any 
d'efcent is to the velocity of any point in the body always 
in the fame ratio; and therefore the adtion of Qjupon the 
body is the fame as if both were at reft. Farther, the 
altitude # through which a heavy body mtift fall to ac¬ 
quire the velocity v is plainly equal, to r x — ‘ for the 
altitudes z and r are inverfely, as the forces which gene¬ 
rate the equal velocities. Laftly, the time of qJs defcent. 

is equal to t x sj ap - yy~ l becaufe the times are always in- 

the fub-duplieate ratio of the fpaces diredtly^ and forces.- 
inverfely. -• *. yyvvftc .%:?$ 
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It is now extremely eafy to trace thefe expreffions 
back again in a contrary order, and to fhew, that if thefe 
laft equations are true, the original one muft be true alfo; 

that pxv 2 muft neceffarily be equal to F -~~r- + p v% or, 
which is the fame thing, that the body ^multiplied into 
the fquare of its velocity, and added to the fum of all the 
products which arife by multiplying every particle into 
the fquare of its refpedtive velocity, is equal to the body 
^multiplied by the fquare of the velocity which it would 
have acquired by the fame defcent in vacuo. 

Now this is to give the argument its full force; and 
fince the conclufions are confirmed by repeated experi¬ 
ments, as the author himfelf allures us, it is prefumed, 
that the premifes can be liable to no juft exception. If 
we do not think with the advocates for this dodtrine, that 
the vires viva muft always remain the fame from the 
thing itfelf, they will force our aflent by the teftimony of 
experience,, and oblige us to admit their principles when 
we fifid if fmpoflible to deny the confequences. 

A' prudent phftqfbpfrer is always afraid to pronounce 
generally concerning the exiftence of caufes, which are 
•attended witk a ^riety .of circumftances, and are com¬ 
plex in their operations. T© fay that the quantity of 
force in bodies remains invariably the fame, feems to be 

apropo- 
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a proportion of this kind. The mutual actions of bodies 
upon one another, efpecialiy when their gravity is taken 
into the queftion, depends upon fo many confiderations, 
and the cafes which may be put are capable of fuch an 
infinite variation, that it is impoffible almoft to draw a 
general inference of this nature. Even when experi¬ 
ments are produced, which feem to prove the point, one 
is apt to fufpedt the univerfality of the conclufion, and to 
imagine that it may poffibly be owing to fome particular 
circumftance which we have not attended to, or been 
able to diftinguifh from others not fo effential. In the 
example we are confidering it is clearly proved from ex- 

perience, that pxv* is equal topv z +-^; but whether 
that be true in every other cafe that may be conceived* 
can never be determined from fuch an experiment; nor 
is it poffihle to make any diftin&ions about it, until we 
have demonftrated its connexion with lome other princi¬ 


ple* which is more Ample and lefs contefted. 

Retaining the fame fymbols, let f reprefent the force 
of gravity, and/the force which accelerates,the body 
in its motion. From what has been already ihewn it ap¬ 
pears, that JP: ap+bvi ap and f-/ ■:/:i b? :dp 


abw 


■or- 


and becaufe p v is- t^e tpptian ^eneratedin 


4 . * < * 


6; 
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by the for cef/^r will be the motion loft in the fame 
body ojby the diminution of its gravity. Let a be any 
prifmatic particle of the body, and ad its diftance from 

the axis; the velocity of this particle will be^~; its 

mot i on f and, by the nature of the lever, the 

motion which Q^muft lofe to generate fuch an effed in a 
aXad i Xu - * ’ va ^ >s 


muft be 
of all the quantities 


The quantity reprefents the fum 
AXAD -; and therefore the motion, 

or 7 

which Q_has loft by its adion on the body, is precifely 
equal to ihe motion gained by the different parts of that 
body after a proper allowance is made for the lengths of 

.the levers, ad, &c. 

Thus it appears, that there is no neceffity in account¬ 
ing for the time of q_’s defcent and the velocity it ac¬ 
quires, of having recourfe to the confervatio vis vivse^ or 
any fuch perplexed hypothefis. By purfuing the ana¬ 
lytic method far enough, we have been led diredly to 
that fundamental law of motion, that adion is equal to 
re-adaon, and in the contrary diredion. 

A diftindion, however, is always to be made between, 
the adions of bodies when at liberty, and when they re¬ 
volve about a center or axis. In the ftrft cafe the motion 

loft 
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loft is always equal to the motion communicated in an 
oppofite direction: in the fecond the motion loft is to be 
increafed or diminifhed in the ratio of the levers before 
it will be equal to the motion communicated. The pro- 
perties'of the lever are well underflood and eafily ap¬ 
plied, and becaufe their evidence depends upon expe¬ 
rience, and is as firmly eftabliftied as the third law of 
motion itfelf, it is always bell to make ufe of thofe two 
univerfal principles, inftead of others which -are more 
liable to deceive us 

In all cafes concerning the motion of a fingle body* of 
fyftem of bodies, where there is any rotatory motion, the 
confutation of the lever becomes requiiite, and that, 
with a juft application of the laws of motion, is fufficient 
for the refolution of the moft arduous problems. It is 




(h) It is acknowledged, that, the experiments which have been made to deter¬ 
mine the effeSs of wind and water-*hi$s of 

/mathematicians; but this is no objeftion to the principles here maintained. 
Writers generally propofe fuch examples with a view rather of illuftrating the 
piethods of calculation by algebra and fluxions, than of making any ufefol im- 
•provements in praftice. They fuppofe the particle? of the fluid to mote.ia 
ffa^ke, the ,taacfline with ascertain velocity; and after that* 
As fuch fuppofitions are evidently inconfiftept with the 
a ^ to account for'a difference 
nent and theory; and therefore it flrould fecai unrsafonable to 

^ , * ra ** 

..*wqre able to point out fuch omiffion*. 


•to have no 
• known 


¥ol. LXVIIL 


Bbb 
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now pretty well agreed upon, that the negled of this 
tirciimftance is one caufe of that material error, which 
Sir ISAAC newton himfelf is fuppofed to have fallen 
into in the thirty-ninth proposition of the third book of 
his Principia. 

I had feveral reafons for infilling fo particularly on 
the demonftration of this third cafe. It is in it-felf one of 


the moft neat and elegant problems we-have; and, what 
is of more confequence, it admits of an experimental proof 
and illuftration. It is obvious, that the motion of the 
body amb may be made fo flow, that the time of qV 
defceht through any aflignable fpace may be meafured 
to the greateft exadnefs. The velocity of o^may allb be 
inferred wkhthe/ame eafe by obferving the velocity of 
any particular point in the body to which the velocity of 


r.m 


eg always bears an invariable ratio. Such experiments, it 
muft be owned, feem very unfit for the firft discovery of 
the laws of nature; though, as I have fhewn, it is not 
impoffibie to colled them thaif Wayf i v but ate 

difcovered, the application of them to the folution of 
fueh intricate problems is both ^^riamih : g; ahd;lnfe^ 
tive, and then the agreement of the experiments them- 
felves with the theory becomes a folid argument for tile 
certainty of our principles,.. • . 

I - * • •' Wp, 
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We have fhewn, that in this cafe at leaft Bernoulli’s 
hypothecs is founded upon, and coincides with, the com¬ 
monly received dodtrine of motion, and therefore we can 
hardly entertain a doubt of the fuccefs of the experi¬ 
ment, fuppofing it had never been tried. The author 
himfelf, in the paffage above quoted, tells us, that he 
found it fo; but we need not reft upon his authority : a 
fimilar experiment has been lately made by Mr. smea- 
ton, and is defcribed at length in the Philofophical 
Tranfadtions, vol. LXVI. 


It does not appear, that d. Bernoulli attempted to 
meafure any thing but the time of oh defcent through 
any particular fpace: Mr. smeaton has given us both 
the times of ofs. defcent, and the proportions of the velo¬ 
cities acquired, in a variety of cafes. By moving the 


weights he makes ufe of nearer to, or farther from, the 



center d, he alters the lengths of t_, 
particles adl, without. pdiuhutiori of their 

number: he does the fame with the circle or axis n mp, 
and confequently the lever m d ; and in every cafe, from 
the of that ingenious gentleman, we 

may prefume that his numbers are fafely to be relied 

tuppphlt. ■"... 


-n ,\‘ ;df, 1 *r -w!»j» h'fr ' i ft*.£' ' 


if ft- 


His conclufions may receive fbmq illuftration from the 


preceding theory 


. .. '■'j,. vf T yirn'tyj? 


115 th 
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From the proportion f :fi: ap+bv :ap> it. appears,,, 
that the force which accelerates, the motion of or in,’ 
Mr. smeaton’s figure,. the weight. in the fcale is to the 
natural force of gravity in a conftant and invariable pro¬ 
portion as long as the quantities a, b, p,. and p, remain., 
the fame and therefore let qdefcend ever fo {lowly, .its. 


motion will be uniformly accelerated throughout, and 
the fpaces through which. it defcends will be as the : 
fquar.es- of* the velocities acquired,' and the, times-will bo¬ 
as the velocities themfelves; .and this is agreeable to what-. 
Mr. smeatgn found them in. his fecond and third, fifth; 
ahd fi^th, eighth and ninth experiments. 


',1 tx 4 di'f.iii ; fe ^ '■( ,vh ..'I's'■ a A | h n 

thl^dight in the fcale and will be different ac¬ 

cording as the quantities a, p, or b y are altered; but is* 
always eafy to be determined as foon as-thole quantities'' 
are known. But it is impolfible to determine the mag¬ 
nitude of the quantity b in the different cafes, xinlefs we 

,■*4/ifij (»”' r . . . :• I ’ * ‘S’l ■ . " '■:* „*’•? v .i ‘ f| 

have given the precife diinenfiqns of the wholO machine^ 
and the fpecific gravity of the wood made ufe of;; and-' 

' , vi : . i( v i ’J, 

therefore Iconfefs myfelfta haye been puzzled in endea¬ 
vouring to reconcile the fl&attd&cond and other,,expe— 
nments with the theto't® though I could nohdoubt at* 
moment, that the general expreflion for the. force wa&- 
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lightly afligned, and would always be found confonant 
to experience, yet I was extremely furprized to find, that 
when the quantity a in the fecond experiment was made 
exadtly one-half of what it was in the firft, the time of 
defcending through the fame fpace came out nearly dou¬ 
ble of what it was before, and the velocity the fame. 
Now this I knew could never happen unlefs the force in 
the firft cafe was to the force in the fecond as 4 to 1; for 
when the fpaces defcribed are the fame, the accelerating 
forces are always as the fquares of the velocities, or in- 
verfely, as the fquares of the times. This confideration 
led me to inquire farther into the ratio pf thofe forces in* 
the cafe defcribed, in order to difcover,.if poffible, whe¬ 
ther they came.any thing near that ratio, which of ne- 
ceffity they ought to do~~ 


I confidered, that the weight of. the axkj and arms of the 
machine was inconfiderable, compared with theweight of 
the two cylinders of lead, and alfo that the quantity a bore 
a very fmalLproportion to the length pf the cylindrical;' 



^ fir> And fince the accelerating force, |s always 

the fum of ■multiplied by the fquares of 

their<hs0mtesi 

S : 


he axis of motion, it is plain that 


& 
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■the fame both in the firft anti fecond experiment, it fol¬ 
lows, that the forces are very nearly to one another as 

ifp to l> ~~, or as 4 to i : anti in the fame way the other 

experiments are fhewn to be confident with the theory, 
‘ichofcto' premife a fhort account of tlicopinions which 
the philofophers before galilko entertained concerning 
the motions of bodies; becaufe their mirtaken ideas of 
,the e’ffe&s of gravity are analogous to fome opinions of 
a 1'atel* date, which indeed tuggefted the net vilify of re- 
.fuming thefe inquiries. 

And' ,; ak ' In controverfial matters fo com-' 

pletely fatisles the mind as an exa< 5 l knowledge of 
'.that particular which produces the difputc; 1 have 
■ of to exprefs the third 

law of motion were taken in two very different fenfes; 


that Sir Isaac newtons Explication Of them is at heft 
.^i|lbl|ftious, and MACLAURi*Nf f i i: abfol«teiy falfh, ' ; 

^-lW;#,^tdemonilration of the'fM drib we fee that 
the is true in one particular in- 

ftance. ’ When two $^^i$!s-thove in the fame ftraigtft 
line, the fum of their forcea^itot altered bycollifiohj 
and 'it is more*thatn.;probable, that this iitigle 
fiance'was the 1 cauf^ol affixing mw ideas to the terms 
action and :re-a$io||f |j ; ft : j ■ j , iff j; 

■ , ' * ■ ' ,J ' v ad. In 
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2cl. In the fecond cafe, the fame principle is taken for 
granted by j. Bernoulli. We have examined into the 
confequences of this author’s folution, and fhewn that 
his hypothells will prove all bodies to be per feCl-ly elaftic. 
As the Heps, by which he deceived himfelf are here ex- 
pofed, whoever carefully attends to thole two examples 
cannot eafily mi Hake in any cafe that may occur. • It is 
plain, ..that if any one contends for the equality of afldon 
and re-adlion, and explains thofe terms by the changes 
produced in the abfolute forces of the bodies, the difpute 
is not merely verbal.. . 

3d.. When a conclufion, agreeable to experience, is de¬ 
duced from any hypethefis, it does not therefore neccf- 
farily follow, that the hypotheOs is univerfally true, not 
even fuppoiing the converfe of the propofition to hold. 
In this third cafe it is fh^%^hat kind of anfwer we are 
to give fuch reafoning. T mr.mm.vwarum 
is .never to be admitted, unlefs its connexion with fimple 
fads,...which are ineonteftable, be firit made out. The. 


nn 
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theory cannot fail to add frefh evidence to thefe efta- 
blilhed laws of nature. 

I Until conclude thefe remarks with obferving that 

fince it is perhaps impofltble to give one general anfwcr 

to ail the arguments which are brought in favour of the 

new do&rine of forces, it feemed very delireable that we 

* 

ihould have a general rule to direct us in judging of the 
cafes that occur in practice* It is of more confequence to 
the improvement of fcience and the good of the public, 
to point out the fource of miftakes, and the wifeit means 
of avoiding them for the future, than merely to confute 
and filence our adversaries.. Some writers have con¬ 
sidered this queftion as entirely verbal, and have affefted 
to treat the advocates on both tides with the greateft con¬ 
tempt. ' Such perfons fave themfelves a great deal of 
trouble, and have the credit of feeing farther into 
the controverfy than others; but after all, 1 am afraid 

little information.or 
feetttifty f^^'fnch'fjKsculations. Propriety of expreffion 
in thefe all we want. When a"plan is ; pro- 

fofed for,execution, and a certain,effed predicted, the 
igrand. obje& i$, how to iotm a Pure judgement ; before¬ 
hand of the event; ife'«hrd$r to prevent unneoeffary ex-? 
fences; and I Ihall think my time well employed, if thefe 
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conliderations appear to have the leaft tendency to pro¬ 
mote lb ufeful an end, in the opinion of that Society to 
whofe learned and zealous endeavours we owe the very 
firft important difeoveries in the year 1668, concerning 
the collilions of bodies. 
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XVIII. Obfcrvatiom on the Limits of Algebraical Equa¬ 
tions ; and a general Demonflration of De$ Cartes’s Rule 
for finding their Number of affirmative and negative 
Roots. By the Rev. Ifaac Milner, M. A. Fellow of 
Queen’s College, Cambridge. Communicated by An¬ 
thony Shepherd, JD. D. F. R. S. and Plumian Profeffbr 
at Cambridge. 


Read February 26, *^7, 

§ i. ^TpHE invOftigations of the limits of equations is 
-*• confidered as one of the moft important pro¬ 
blems in algebra. ¥he knowledge of them not only 
enables us to demonftrate many ufeful theorems in that 
faience, but is alfoof material fetvice in difeovering the 
roots themfelves. Mr. maclaurin has treated this fub- 
je< 5 t very fully, both in his Algebra and in the Philo* 
fophical Tranfafkions. 

The fubftance of what he has delivered may be briefly 
exprefled in the two following propofltions. 

1 ft. That any equation x n -px n ^ l +qx n ^ mi - See. so 
being propofed, if you take the fluxion of this equation, 

' . •■‘/and 
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and divide it by x, the refulting equation will have all its 
roots limits of the roots of the given equation. 

adly, If the terms of the propofed equation be multi¬ 
plied into the terms of any arithmetical feries, the re- 
fulting equation will alfo have its roots limits of the roots 
of the original equation. 

§ 2. This fecond proportion, though admitted by all 
the eminent authors whom I have had an opportunity of 
confulting, certainly requires fome reftrictions. ,For 
example, the roots of the quadratic equation af- 2 a;- 3-0 
are 3, &c. -1; multiply the terms of this equation into 
the terms of the arithmetical progreffion 1, 2, 3, refpec- 
tively, and the refulting equationis 1 x a?*- 2 x 2^-3 x 3=2, 

the roots of which are 2±V 13, neither of which are be¬ 
tween the roots of the given quadratic. 

Again, fuppofe the roots of the cubic equation 
x z ~px z + qx~r=o to be <2, b, ~c, and it is poffible that the 
equation 1 +o s mxx i ~~l+<zmy.px l +l+mx.qx~lr-o may 
have no root between the quantities b and -c; and in 
general, if the roots of the equation (a) 

8cc. = obe fuppofed a, b, c, ~e t wh^re'<2isd,he 

greateft foot, b the next, and fo bn in order, the equation 

(b)/+ nm x mpx n ~ l ^l+n-z.mq x n ~~*, See. = 0 
.will not neceffarily have any of its roots between the 

roots c and ~d of the original equation. x 0 :'S: 

: ... • , C c c 2 . " § 3» 



g8& Mr. milner’s Obfervathns on the 

§ 3. It will not be difficult to fee the reafon of this, if 
we examine the demonftration, which is ufually given 
us of this fecond proposition. 

The roots of the biquadratic equation a* 4 ~a.vUB, f~ 
cx+T)=o are fuppofed to be a, b, r, d, and the rd'ults 
which arife by fucceflively fubftituting them for x 
in 4^-3 A^+aB.AT-c are fuppofed to be ~ r, +s, 
-t, + z. From which maclaurin concludes, that 
when abed are fubffituted for x in the quantity 

/+4» x a. 4 -/ +.3 'm x a x* + / + a tn h x *-7 + m c,v + /r>, the 

quantities that refult will become -wr.v, 

+mzx, where, fays he, the figns being alternately nega¬ 
tive and pofitive, it follows, that a, b, c, d } mull be limits 
of the equation /+ 4 in x x 4 —l x 3 in a a* 1 + fee. = 0. 

Here itis.taken for granted, that the quantities -mux, 
+msx, —in t x, +mzx, are alternately negative and po¬ 
fitive, which is not true, unlefs the roots a, <r, d, be 
either all pofitive or all negative. 

For fuppofe a, b, c, to be pofitive ^quantities, and d a 

(a). Philofophical Trarifa&ions, vol. XXXVI. Mr, mac : laurw, who ii 
here very diffivfc upon this fubjeft, never mentions my exception of this lwu 
In his Algebra, art, 4.4. part a. he fays, he (hall only treat of fuel* equations 
as have their roots pofitive; hut It may be obferved, that his rcafoning from 
art, 45. to 50. holds in all equations, the roots of which arc real.. The, theorem 
in. p. 182,, of that treadle is not general, though applied in, the eleventh chapter 
to the demonftration of nekton’s rule for finding impoffihlc foots in all 
equations, ' , , • ' . 1 Y ;.' •' ;( ' ; , ■ 

negative 
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negative one; and then the four refults will be ~m&a f 
+msb, -m re, -mzd. 

§ 4. In general, the roots of the equation 
nx n ~ l -n-1 , px n ~ 2 +n-i . qx n ~~ 3 , are always between 
the roots of the equation (a) becaufe the roots 
of this laft equation fubftituted fucceffively for x in 
11 x n x —n— 1 . px n ~~ 2 + &c. always give the refulting. 
quantities alternately negative and pofitive; but when, 
the leaft' of the affirmative roots, and the greateft of the 
negative roots of the equation (a) are fubftituted in (b) the 
quantities that refult will neceflarily have tlie fame ftgn, 
and therefore it is poffible, that no root of the equation 
(B) may lie between the leaft of the affirmative and the 
greateft of the negative roots of the equation (a). 

§ 5 . It is poffible even, that the equation (B) may have 
imaginary roots, at the fame time that all the roots of 
the equation a are real, which is contrary to what all al¬ 
gebraical writers have thought. For inftanee, the roots 
of the equation x*+ 6 x- 7 =<?, are 7 and -1, and if the 
terms; of 'this equation be multiplied by 3,(aii 

arithmetical feries where, the common, difference of 
the terms is equal.to a) the refulting equation will.be 
x 2 . — 6 x+. 2i, the,roots of which are evidently ; impoffible. 

§ 6. However, the equatioe(B) can never haveniore .than 
two imaginary roots, when the roots of the eq\iation {A) ; 
" ^ ' 1 7, ' ■' ' ', ■. , . , are.. 
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are real. For fuppofe thcfc laft roots to be +a, + 6 , 

+d t -c, -/, Sec. in their order from the great eft to the 
lcaft, and lince the rcfults which arife from the fucceffivc 
fubllitution of thefe quantities are always alternately 
negative and pofitive, that cafe only excepted where d and 
-e are fubftituted, it is manifeft, that we ill all always 
have n-1 of the roots of the equation (b) which will be 
limits of the equation (a), 

§ 7. It is remarkable, that whenever the equation a 
has all its terms complete, its roots real, and fume of them 
pofitive, and others negative, if I+nm be allumed equal 
to 0, the equation b will always have one of its roots 
either greater than the greateff affirmative root, or lefs 
than the leaft negative root of the equation (a). Thus, 
in the quadratic x* + 6x~ 7=0, afiume any arithmetical 
progreffion o, 1, 2, the firft term of which is equal to 
nothing, and the equation b in this cafe is Car-14=0 and 

afE-“,which is greater than 1, the greateff: affirmative 
root of the affumed equation. 

§ 8. The roots of the equation (a) being ftiil fuppofed 
a, by Cy dy -By -/, let m be taken equal to unity, and 
/any pofitive integer whatfoever, and in that cafe, two Of 
the roots of the equation b will lie between the roots 
d and ~e t and one of them will be pofitive, and the other 
negative. '• ' T/ . v >/• -c ' .' • - 

; 1 - For 
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“For example, the quadratic equation x % + 6 x- 7 -0 has 
its roots 1 and -7; and if the terms of this equation be 
multiplied into 3, 2, 1; 4, 3, 2; or 5, 4, 3, fucceffively, 
the refulting quadratic in every cafe will have its two 
roots between the roots of the given equation, and one of 
them will be pofitive, and the other negative. 

§ 9. The equation b, which in the laft article was de¬ 
duced from the equation a by taking m equal to 1, and 
l any pofitive integer, may itfelf be treated in the fame 
way, and the refulting equation will, a fortiori , have two 
of its roots between the roots d and -e of the original, 
equation, and one of them will be pofitive, and the other 
negative. 

§ lo. Let x % -px+q~o reprefentany quadratic equa¬ 
tion, the real roots of whigh are ol and ( 3 ; fuppofe x=~* 
and we fhali have 1 -py+qf-o, the roots of which equa- 
■tirawe J. Let the root of the equation a.qy-p=o 
be equal to —, and— will always lie between the quan¬ 
tities ~ , 4 , and therefore one would think at firft fight 

that the quantity'A mull always lie between a and ( 3 . 
But this would be contrary to what is proved in art. 7. 
In the prefent cafe a can never lie between a and ft’ un~ 
lefs thefe two quantities have the fame %n, &hd it is 

, . \\V' ObVIOUS, 
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obvious, that the fame reafoning holds in equations of 
higher dimen (ions. 

The lb obfervations, as far as I know, are inti rely new. 
The fundamental propofition (§ a..) was, in the year 
1775, communicated to Dr. waring, Lucullan proieiibr 
of mathematics in this univeriity, and by him inferted 
among the additions to his Mulltationes Algebraic a {IJ , 

.§ 11. M. Euler, at the conclufion of his 13th chap. 
CalcuL Different, has given a demonllration of des 
.cartes’s rule for finding the number of affirmative and 
of negative roots in any equation, the roots of which are 
real. From what I have already laid, his reafonings will 
appear inconclufive, though 1 freely own, that what he 
has done fuggefted the following different method. 

Suppofe (d) . x,+ *»#+.«,v*+p.V s . . . +x n ~ 0, and the 

roots of the equation (e) m+ inx .. +nx n -^ l =zo will 

be limits of the roots of the equation (d); and therefore 
there muff ’be' at, leaft as -many pdfitive roots in the 
equation (n) as there, are in the equation (e). The fame 
may be fakl of the negative roots: for fmcc every 
root of the equation (e) lies between the different 
roots of the equation (b), it is impoffible that the num¬ 
ber of roots' "ifioiild 1 tfe lefs • lei either cafe, Suppofe 
•it and mx to be both positive, and fince the laft term in 

anv 


(e) Sec the cm! of Proprictatss (Jury. 
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any equation is always the product of all the roots with 
their ligns changed, the number of poiitive roots in each 
of the equations (d) and (e) muft be even: therefore, rhe 
number of poiitive roots in (d) cannot exceed the number 
of thofe in (e) by unity; but there is in (d) one root more 
than in (e), and confequently it muft be negative. 

If both the terms l and mx are negative, becaufe then 
the number of poiitive roots in (e) and (d) are even, it 
follows in the fame way, that there is one negative root 
more in (d) than there is in (e). 

And laftly, if the terms l and mx have different ligns, 
for the fame reafons there muft be one pofitive root more 
in the equation (d) than there is in (e), 

des cartes’ rule is, that there are as many poiitive 
roots in any equation as there are changes in the ligns of 
the terms from + to or from - to +, and that the re¬ 
maining roots are negative. From what has been de~ 
monftrated it appears, that if this rule be true in the 
equation (e), it muft hold alfo in the next equation (d) of 
fuperior dimenlions; and as we know that it is true in 
limple and quadratic equations, it muft therefore be true, 
in cubics, in biquadratics, and fo on. 

This is one of the belt rules we have in algebra. Dr. 
saunderson U} faw fuch an infinity of cafes in equa- 

(c) Vol, II. p. 683. Algebra. 

Vo ju LXVIII. Ddd tions 
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Ls Of hi ? h dimenfions, that he fcarceiy hoped fora 
General proof. w »«"«' rs plainly rm- 

praaicable when the roots are numerous, and that oie 
this concife demonftration will perhaps he acceptable to 

mathematicians. 

fA) Pane U<. Algebra. 
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A.O. 

T.K. 

A. 

TK. 

D. D 

1 

D 



E. 

D. 

Latitude 

( . 

Az* 

.A 

Amp. 

Face J 

VID. < 

“*S 

C:D. 

• 

ML. 



N 

s 

W 

•E 

T.K. 

s. 

0. 

A. 

1 

O. ' 


E. 

w. 




/ 

j 

/ 

1 

J 

O / 

w 

11*13 

0 / j 

w 

9,18 

/ 

0 / 

w 



/ 

O l 

N 

.3. 0 

O ti 

N 

4.32 

0 7 

W 

ii« 6 

0 7 

w 

» 0 

w 

0 

28. 

0 

28.4 

O 

28*2 

0 

27.4 

] 

I 

3 210 

54 

Moderate breeres, T.S. £i r V 





















[ Very un- 
f aeady. 



. 

3 


n 

0 


11.42 

Q.48 






2-53 

4,28 

”•37 



28*4 

29.4 

29. 

28*2 

1 

J 

73 

] 

M»ft part a frcili g.ale from Southward, with fqualls anti rain 1 
T.S. Sj°. |. 

1 

21 



52 

iu6 



I 




a* 3 S 

[ 4 .2!] 

[iiji] 



27-4 

27 „6 

27-5 

26.7 

1 

i 

y Pretty Beady. 

1 

58 


' Mo ft part frdh br«i<ven. At S P.M. Bicbaid Jont-5, the' 
furgeon’s lad, full over-board. Hove the ihf to, and font 
jolly boat and yawl in parch of him; but they could not 
find him. No obi'ervauon for latitude or time, not ltavint- 
om* glimpil'- of* the Sun all the forenoon. XbM.no oround 
„ 5ofath. T.S. 8o°E ° ; 





10.2 

7.40 




: 


2,23 

4,16 

9.26 



28*4 

27.4 

27. 

26*2 

1 

J 

58 

Alreilt brcer.e wlfb much :ain. P.M. no ground 70 lath, T,S.3o c ’|. 

■' t 


24 


44 

10. 6 

7. 0 





1 

2.13 

3.42 

8-45 



25.4 

26. 

25.6 

25 - 


73 

1 

i 

fMotlly frdh lueezes. At z PA 1 . from mafl-buad Lmrf, 
making like iilanuc ? v/ac ihen bearing E by NrzENE-IM, 
iuppo f d Cape Paltnas. IbM. no ground 70 lath. At S JbM. 
tpoke with a hkcmch flip from JLw/d to the coaft of ylnyoLi. 

W T *S. SoA, 


*3 

1 


2 

11.to 

8. 2 






1.34 

2.50 

, 9-45 

* 4 - 42 * 
*14.11 


24.4 

25.2 

24.7 

24. 


76 


Frdh breeze 1 throughout, and a large Southerly fwelL 
l T.S. So'-fJ-. 

i 

20 

39 


14.18 

9.48 


1 




T. 0 

1.56 

ii.29 

14 - 37 * 

* 13-44 

14-25* 

23.6 

24.4 

24a 

23 * 2 

Very urudeady. 

79 

Frdh breeze throughout, P.M. cloudy. A,M. fair. T.S. yr/U, 



77 


13.21 

■ 12.8 






O.X4 

U1 

I 3-48 

13. 6* 
*12. 7 


23.6 

24.4 

24.1 

23.2 

Pretty Beady, 

78 


*“ Frdh breezes with fair weather. P.M. many porpoif s. 
Some bottle noies, and vaft Hocks of dying Hlh. A*M. a 
man of wat bird. T.S, 76°|. 

l 21 

i 


76 


12.35 

12.38 




j 


0.16 

■*•34 

14.17 

13.17* 


24.6 

24.4. 

24-5 

2 . 3-6 


66 

Major part moderate and cloudy, T.S. 78A 

} H 


62 


13-33 

14-38 




b 

j 


s 

0.22 

1.10 

l6*l6 

12.41* 

12.47* 

24.61 

254 

25.1 

24,2 

f N.B. going to 
c ffle/huard en- 
creafes dip. 

70 

3 8 95 

Pleafant breeze, with fair weather .and fmooth water. T.S. 76 hi 




*.D d d 6 
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1775 


July 


Th. 


13; 76 


H 


16 


I 

76 


74i 


Marine Barometer, 


R. 


S. 


In.Dec. In.Dec. 


nO n X 

4 


30«2| 76 


Th. I D. 


OA o„I 


3°'* 2 2 


3 ®- 3 i 


3°-3 


3°» 2 1 


70 


761 


In.Dec 


30.2I 


*7 


73 


18 


>9 


751 


73a. 


3°*4 


3^31 


30.4 


30.4 


3°-3l 

y,; 

3°-3 


74: 


30.2$ 


30.25 


30.25 


Weather and Winds 


li. fq. r. SE by E. SE by S. S% E. 
fy. r- c. F. by S. SE. 
c. SE. SE by S. SSE. 

c. SK by S. S by E. SSE. 


73 3° 3i 


75f| 

■ 75 lj 


30.3I 


30.3 


r >■ H- 

SL by S. SE. 

I Cj. f- 

SK by E. SE by S, 

J c - *4 c - 

$K by S. SE. 

tc. L 

SB. SE by E. RE. 

r be" 4 

SK. SK by S, SK. 

J c. r. c. fq, r. 

SE by 1 L SE by S. SSE V. 

j i'tj.r. c. 

Sib 

1 C, It. 

SK by ft. 


S if SE by E. 

Jc 

SE by E. ESE. 

) c * 

E by S. SE by li. E by S SE by E. 

l <-• 

SE. ESE. 

f C - 

SE by E. V. SSE. V. ESE. 

[ c. fr. fq. 

SK by E, V. SE, 

% fr. 

SE by 1 % V. 

. q. fr. c. q. 

SE. EbyS. ESE. 

' l 

SE by E. SE. 

f. cv 1 

SE by E. 

3 c* 

SE by E. SB. 

: c. f; , ' 

SE. EbyS. BSE. E by S. 


i 


c. ENE. . 

fr. f<f. V. ESE. 

r; V. - ^ANE. '■V. 

%.r.<A , ■ Cl' N. N v 


D.L. 

A.O. 


N 


D.L. 

A. 

T.K 


WIE 












Magneti cal 

Longitude from Greenwich 

_ __A.. 






Cor. 

Long. 

r~ 

Variation 

___A~ 


Dip 


A. 

TK. 

D.j 

" ri nni ■'i 

D 



E. 
f 7 . 

Latitude 

Az* 

”1 

Amp. 

Face j 

MD. 

C.D. 

T.K. 

S. 

0. 

t" imi " 

A* 

1 

O. 


E. 

W 

O / 

O / 

i 

0 9 




0 i 

O / 

0 t 

0 / 

0 / 

O 

0 

0 

a 

W 

W 

E 

w 




S. 

s. 

w 

w 

w 





23 - 3 ° 

25-47 






16.17 

I 5-33 

27.37 

■*2.43 

*2.42 

3*4 

3-4 

3-4 

'3 4 

24.27 

26.53 






17,46 

16.59 

28.45 

1.48* 

*i- 4 S 

1.36* 

*1.49 

5 - 2 

5-4 

5-3 

6.2 

25.20 

27-45 






18.58 

l8.I I 

2 9-39 

^ 1,21 


7-4 

8. 

7.6 

8 - 5 ' 

25.42 

28. 8 






19.47 

19. 1 

30. 4 

0.42* 


9.2 

9.6 

9.4 

IO -3 ) 

; 

26. 2 

28-33 

: 

10 5 

30.18 

3 

;V- 

; > 
r~t 

O T 
0* 

: 

20.47 

19*59 

3 ° 3 1 



11. 

11.2 

11.1 

1-2. 

26.29 

29. 4 

138 

120 

31.2a 
31. 4 

3 

3 

O 

O 

IX 

2 3 

22. 9, 

21.29 


E 

0.20* 

E 

0.13* 

I 3 - 

r 3- 

’ 3 - 

I 3*7 ' 

26.12 

28.47 

■ H 5 

310.2 

3 

G 

1 5 

! 

22.48 

22. 8 

30-59 


0.44* 

14.4 

H *4 

i 1 4-4 

G-S. 


y Not very 
Steady. 


Pretty Heady. 




M L. 


494- 


II x 


"FirH part, frefb. gales and finally, Fatter, moderate and 
iair. A.M. Fog Hank exacUy like an hlniuf the untllm 
pertVddly well defined, eveept the extrema, iA: I never be¬ 
fore law any cloud io like land. T.S, 74 0 . 
j Changed the poms of the dipping-needle. Mean of ihc va¬ 
rious trials changed and re-changed 3 1 S. viz. 

E. W. Ml). 

Changed the poles, marked end down, 4.4 4. 4.2, 

Re-changed,-ditto up ; ?.C 3. 2.7 

Ditto, ditto down, 4-4 4.6 4.5 

Ditto, ditto up, 4.4 a.4 a.4 

Mean 3.4 34 3.4 


IO4 Conftant trade wind. T.S. 749. 


88 Fi rR part, moderate. Middle, hard ftjualts and rain. T.S. 74°' 


54 


6 9 d 


Very unfleady. 


Pretty Heady. 


r A.M faw a bird like a booby, but Ho iter winged and* necked. 
l called by laliors, poor John. Light breezes, Ivvcll much 
k abated. T.S. 74°. 


f P.M. to the RE. the clouds very remarkable, being in whiu 
‘ curved rays, like the variation chart. At 7 A.M. faw Tn- 
nidada from mall-head SSE. At 9 vlfible from deck. At 
noon, Trlnidada S 36° E n leagues. Major part, mod.rate 
breezes and cloudy weather; winds variable and fmootl 
water. By the bearings of Trlnidada at ivon, allowing it 
to lye in 20 0 27 ' S according to Dr. hallev. 


) Its longitude per T. Kb 
} Mean dliF. T.K. and ]) 8 obf. O ^ 


87 


and 1 ?tc 

Long. S obf. © and J 1 obf.At. 
By Dr. halllv, 

DUE 

l T.S. 74 0 - 


At Sun-fet, Trlnidada E by S \ S 3 or 9 leagues* 


Modly light breezes and cloudy. T.S. 74A 


1S.13W 28.13 

1.5S 8 obf. © 


2.12 


3o. 11 Sobf.© S: j) 3o- 2 7 
29.30 -4 x • 


* i) a a 7 
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Longitude D0111 

Greenwich 

A. 

TK. 

D. D- 
T.K. 

D 

0 / 

O J 

I 

0 ^ 

W 

w 



22.36 

25, 6 



19.14 



1 

1 

1 

16.28 

i 

1 

1 

! 

19.24 



i 

i 

1 4*53 

T 7*33 



G-56 

16.29 



M.45 

14.3° 



> 9*^4 

n.34 


i 

* 

709 

9.27 



6. 5 




3*55 

5*57 




Latitude 

Cor. , 
Long. 

f A. 

O. 


O i 

S 

3 a * 3 

O J 

s 

32. 8 j 

O V 

w 

27,10 

I 

33’ J 4 

Css* 1 ?] 

j 

C 2 4 * SJlj 

33-35 

33*35 

|| 

21.22 |j 
(! 

34 - 9 

34 * 7 

*i 

ii 

19.28! 

34,26 

34.25 

18.21J 

! 33*37 

33*34 

1 

36.19 

33*37 

33 - 2,3 

13,2/D | 

33*37 

33 * 9 

1 mo 

33 37 

C 33 * 2 -i] 

[ 9 * 53 f 

33 * 5 1 

v, . r 

33.48 

7*37 


1 1 n 5 


iTuly 

1 3 C ! 


Marine Barometer 


I' 


: %3 


Au 


1 el,, 

ft 


a Dec, 






iXUhzCC 


30 AI 


i 2 


rfi 


i 


' 6 : 


-t 7 


'i V C . ,: 


5 Si 


54! 


SD 


53 


561 


6 oj! : 


29.9 


29.3 


Th. 


a ,i 

0 j 


62 


3O.1 


29.8! 


29,8.' 


29.25 


29.8 


3 C - C 1 

. 3 °A 

-30.0] 

30.0 


D. 


■ Weather and Winds. 


in.Dec, 

3 0,i 2 


551 


54l 


5 °l 


. 52 ' 


•56 ’ 


„6d : 


29.8I 


29.2^ 


! r c. fq? 1% c. fq. £» 
I I % r. c. 

Ur, 


NW by W. 

NW by W. NW by N. 
NW by N. 

NW by N. 


■ i. c. fq, r. 

iq* 1*. hfq. 

, hie, r. fq? hr. hfq. 


NW by N. 

NW by N. 

NVs'byN. NNW. NbyW. 
N. 


• ivp r? L. 
fq? ij If. tq, r» 
fq. c. 


t. iij > r. I a tq* 


. c. fq ? r. L. to 
h. fq. 

fq. L f r* c. L, r. 
c, L, r. fr. 


NNW. 

NNW. 

NNW. NW. WNW. 
WNW. Why N„ 

Bvr 

W. v. w by T 
W by S. WSW. 

W$W. V. W by K. 

NE by N. 

ENE, V. 

NEbyE. N.WNW.V, W. 


1 


f H < c * r - 
1 % r. 

I hard gales, 
i. ditto. 


\V by N. V; W by S. V. . 
S by E. 

S by E. f 

SbylL SSW. j 


‘ h. fq, r. SSW. 

fq, r. fq, bail. SW by S. 

fq, Kail, fq, r> hail. fq. SW by S. V. SSW. 

• fq, fq, hail, hfq, hail. S by W- __ 


A.O. 


D.L. 

A. 

r.K. 


N 


1 


jWIE 




AnnC-G: ■ 

ajiiuu- .<■ • J>V- .. 


I lq, r. fq? hail, fq, r. 
hail, fq, r, c» 
e. fq. fq, r. 
fq, r. fq. fr. 


SSW, S by W. 
S by W. $. 

■ $. 

S. -s by E. 


iia: 

; 1 >•<?'* h > r - 

4 ;■ 


S. by e. c. 

NNE. C.' NNE. 

‘■NE by N, V. NNE. 
NNE. NE by N. 

TSTrrrm ■ 


J '-Wa , \ 

tMfc. h, r. ■ . CnUeV. 1 ■ 

:;::f-' 4 NN^l‘Viv;srbyE, «. 
‘ \. ■■ .Y, £ ’ ■ ■■': 


II 


H 


26: 


16 


12 


2 5 


p, 


Magnctical 

o 


Variation. 


Az. 


O J 

E 

2.26* 

•V: J 0 2 7 


Axnp 


/ o 

E 

*1.42 


O* J 


South Dip 


F ace 


E. 


W, 


MD. 


C,D, 


W 

*-•35 


jj» r > 


fPO**T 


W j 

3.18734.4 


vlL 


j;ooS 4 : 


31.7 l32.5iN-.tftw.iy. 

I ; 

j s 

i iy:-yf. tou 

i s 

f 

J 

3 - 5 *"®A ry Vu fit:ady. 


■l-« *4- , 


,..1.6 


35-4 




Cl nileady. 


/ j S Nii very un- 
j 1 1 toady. 


^ No obf. tuo 
l moth k\L 


1 C% J ^creafing gale from NW quarter, with frequent fcmalh, 
1 9 E‘M. bar. 30.1 J. 8 A.M. 30.3J-. X.S. 


I 5 * Brrari h with hard fqvalls road rain. 9 P.M. bar. 30.3J-d 
1 2 *2. 30.1. 8 A,M. 29.9I. 20, 29.9. 11 -J. 29.8'J. 
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86, 


S 5 


f Firfl parr? blowing very fre111 fiom N.W, Latter, morci 
< moderate? with vory largo lea, Bar. ij. aq.yh z\. 29,7.! 
L 4 ' a 9 * 7 F b, Z9.8. 8, 29,8. ao. Ay.S, A.hl. 7,” 29,8. 


Major part, light breezes, with great Eve It. 


( Winds; v.triaUot with fqnally weather and ear fu fed iW 
j bar. 3 P.JVI. 29,8 6, 39.7j, xo. 8 A.M. 390. 

1 i) A,M. 2y,2^. About noon, it apf eared very threatrw 14 
to the Northward? but the cloutb dilhpated. 


;I 5 - 6 


Very iuiO( ad_ 


11: 


103 


f Firfl: part? fqaaliy with feme vide.. The t.ilihhe? c'tceiHvc 

and the I'pvay b* thick ihafi 
Wi. bar. v.on; K 4, 2,9. 

9 * - 9 *it- 29. 


f Firft part? fqaaliy with tome vine. 
I2Q J Fard galer, with a great lea*, and 
I I riie ihip was covered with it, % Kb 
t ^ 6. 29-: L 9, 29.5, 7 A.M. 29.7N 


f Squally weather? with moth hail and rain? and ,1 large fv/elb 
d Bar. 4 B.M. 29,8N 6. 29.9. 8. 30.0. 7 A.M* 

l 9 A.M, 30.C J, 

T Firil and middle, frdh gab r. and fqualfy* ( Tatter, moderate^ 
< great fwcll. AM, fame fiver birth.. Bur, % B.M. j'a.cvp 
A 5* 3o.t. 10. 30.3. 7 A.M, 30.2. 9- 30,3, 


f B'ijrft? light ?Jxt. 7 with cloudy weather, Latter? Lefb gales.? 
62 '< w,ith min. IBM -Veum appeared very dun aiul fuzzy; [& 
j 6 rim ro,ttud the‘Moon*, 9 A.M. bar, 30*3 1 .' i 34 '*°^ 1 

' f Firft and. middle? bait! gules? %mlly with ram, 'Latter* 
moderate and ■ hazy 3 great Ml A.M* fome driver birth? 
< a pintado bird. 1,1 Bar. £ 9*S4'* , ^ A.M. 29mA. 


10-9; 


( 1722:2 


l 


9 | wl.'.- 


5 . 3 °^. 7' 


> LTd 8 
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Magneticai 

. _ _ .A_ 






j 

I 
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i 

j 




s 



D.L. 

A.O. 


D.L. 

A. 

T.K. 

. 

Longitude from Greenwich 

.... - ..A ___ 






Cor. 

L011 

r ■ ... 

Variation. | 

South Dip 





1 

0 / j 

Cape of Good Hope lat. 34.22 S. ] 

long. 18.27 E. | 



Th. 

Marine Barometer 


Weather and Winds, 


r ~—~—- 

A. 

TK. 

d.d 

J 



E. 

D. 

Latitude 

A/.. 

Amp, 

r 

Face j 

MD. 

C.D. 


ML. 



7775 


‘ R. 

s. 

Th. 

D. 

f 


N 

s 

w 

E 

T.K. 

s. 

0. 

( 

A. 

O. 


E. 

W, 




“ 


i 

1 

1 

! 

Sept, 

19 

O 

j 

59 

In,Dec, 

! 

In.Dec. 

3 °a 

O 

59 

In.Dec. 

i 

A 

U 

NW. NWbyW. 

NWbyW. WNW. 
c - 

C. E. C. WNW. -NW. J 


/ 

J 


J 

J 

0 / 

E 

18.43 

0 / 

E 

' 18.5a 

/ 

0 / 



/ 

0 / 

s 

O / 

S 

34*48 

O i 

E 

18.52 

O S 

w 

/ 0 

w 

0 


0 

0 


1 7 

! 

-j 

'"At Sun-fet, Cape <««»d Hope NW—WNW, Table Laud 

N by W—N W by N. Han j* Up E 7 K~E 2f.*X N. Eaitcru, 
ext. in fighL E^°Sj=.K 17X N diftanc't*6 leagues from ae&rHt 
land. At Sun-tife, Cape Good Hope N by W.AV—N WbW 
q or 10 leagues. Hanglip Point NEsrNNEl Ext. to E<h, 
ES3£ra:E. Haw a fail, luppofed the Gatton, come round 
from Table Bay, t«* join ns. 

At noon, Cape Good Hone N per comp. =N 22J W. Hang- 
lip N 3 5 Er=N rad E 9 leagues. Eaftern exu N So Emr 

N ij7|K* Major part, light breezes and lair weather, with 
«. great Tv/ ell tiom SW. ; 


20 

59 i 


30.04 

59 


fc.%. 

} % c. 

^ c- fq. fq, r. 

NW. NW by N. ^ 

NW by N* NbyW* j 

N by W. NNW. 

NNW. J 


4 


* 



21,26 







35*59 

35*55 

[21.15] 








154 

Frdh ^ab.% with a very large fee. Bar. 9 P.M, 30.x. 8 A.M, 30.1. 


21 

57-1 


3 °-J| 

574 


j.V 

l c. fq. fq, r. 

NWbyW, WNW, W byS, ^ n 
W by S. W. 

W* W by $, 

W by $. 


8 





24.22 







36.2.x 

: 

, 3 6 * 9 

[24- x] 








144 

Pi cfli gales and great fwcll. Bar. 3 P.M. 30.1. 8 A.M. 30.1, 


22 

62 


30.2§ 

62 


f r< l* ./ 
j c.f. '• - 

j f ‘ c ’ 
l c.f. 

W by S. SW, l ” p 

S by W. S. 

S. c* V. 

NE. ■ HE by E. ■ ENE* J 


10 



>49 


25.36 







3 6 - 3 ? 

S 6 -^ 

[25. 5 ] 








66 

! 

- 

r Flrft parr, drerdafing gale. Middle, calm. Latter parr, a 
breeze fnHn the NE. Great fwcll. A.M. bar. 30.3. N.B. 
it was not obfrrvcd at noon. Vafc t i‘.M. It. was 30.2™ 

S Many ale at ratios. pettril.i, pintado birds., 8a\ 

b 



66| 


29.61 

66 



NE by JE. ENE. 1 ' , 1 

NE by E. 

NE by E. 

SHE. NE by E. , 


6 





27. 8 

i 






37*34 

! 

37- 6 

[26.273 








92 

< 

, Firft part, frefh gales. Latter, hard gales, with great and 
confufed lea, Moftly fair weather. 2 P.M. bar. 30.2*1 
, 9. 30.x. ix. 30.0. 8J A,M. 29*$* Many pettrih, pin- 

d tado birds, &c. 



$ 5 : 



65 


11 

NE by E. ' *| 

NEbyE. NEby kr. V. i 

v. w. • , ■' I 

W. WNW. NMifby W. j 

1 


9 

L 

1 


28.13 

27.23 






37*58 

'| 

37*39 

27.23 







‘ 

58 
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h. 

[ h. r. h. 

SW* V. 

V. C, V, 

V. c. 

C. V, W. V. N. ’ 

-c. fq. 

’ ' N, N by WL 

I fq. hr* 2, in 

- K by W* C. SE by S. ,, V £ 


V, 

r 

i r. c. 

NE by E,, Cr , , .. 

r c * 

' c. '@.,,7. ; , y 

c, , 

vi'A'/k'.' ' .5 

^ e. h. - n - h , 

SEby'Bv 'NE.. 

1 ' 

UE by,E. KE. NHE.V 



30IA; y. 

w ' ’ ! . , 

| M0EI7 variable wind and rain. P.M. a fail; me wed F reach ,j 
| j colours on firing a gun to ibeak with her, but did r.c/: 
7111 ihorten fail, Several bird? and many fiih. Bar. 2 P.M/ 
j l 6. 29.9. 12. 29.9J. 8 A.M. 2 o.c ; E j 


■■ '' 


{ Firft part, moiilv feu ally with very heavy rain. Middle mdjj 
latter, light airs ?nd cloudy with fome lain. 0‘s l.mb notj 
very difunct when leng. obferved. ^ B:r. 2 P.M. zq.Sf ( 
4. 29.ST. 10. 29.95. 12.29.95. 8 A.M. 29.95. 9. yo.od 

f Very unfuttlcd weather with rain. Bar. 1 P.M. 29.9V 
2. 29.9. 4. 29.9, 9I- 3O1O- 1 A-M. 29 9J. 9 ; z 9 f)ig 
_ 4 t c rf: :lf d't y-mcw-W.. Mi/ ?.w:sw, but v. ich the face 
was at iz°h; when moved a little, it nmxti d 
when moved with the face to Weil, ib: n--:dd : tr: a re:,* 
andplot id any eo.6rre. Mover. Icveral t.rnes, it pumtcawitn £•!■- “ 4 * 

E MIL <• . 

W I ef J ^ cr E keac W $ 

{ Moiily light breezes. P.M. faw two do’; h*ns, heard a trpiy 
J bird m night. A,M. caught two dolphins. 

1 tr.**y :\iish\ and ?,o app-ataecz of djbfir a: tv Ear. 4 

^ I\M.‘29,8|- 4. 29.SJ. 12IAAL29.9. 8/29.9-5/11.29.9^ 
Variable winds, with rain. P.M. a iv,'allow v uh ihort 
wings and white bread:. A.M. a imall land turd fnaped 
like a water wag-tail, bet in colour like wta a 

ir\v velluvvill; feathers in r hc ilauk. A.M. a uirci at cm a. ^ 
likeX ywmet. Bar. 2 P.M. 25.83- 4* 6 * ' 

1 A.M. 29.9 >. S. 29.9-4* 

Freih. biee/.e 15 , with fome fqU'dls and a groat deal of rair 
1 he land bird aboard ft ill. P.M. heard a bird, iuppokdj 
1 32 1 j to 00 a booby. A.M. paifod a drift j a gier fca bird inapeo 
' ' T like a plover/ A black lea bird at a /trance. Bar. 1 KM.j 
29.3/ 6. 29.8A 1 A.M. 29.9. ^ y|. 29-u 5 . 9. 29.9 

L 10. 29.9M 11.D9.9f. 1I I* Z 9 - 9 'I" 

Variable, with rain anti calms. The land bwd aboard idltj 
A.M. faw a tropic bird. Faffed a drift. Light airs. Bar.j 
4 P.M. 29.95. " 9 ' 9 * 4 * - 9 * 94 * 6 * - 9 'SD- 7 - “ 9*9 

iz{ A.M, 2ypi- S. 29.9L 10. 30.0. 
f Major parr, light breezes, with fome rain. The land birej 
1 aboard ilill. PAL law a booby, fome fiih of the perron/ 
kind. A.M. a boric fly, federal ridings, and many talk. 
Water luminous st night* Bar. 4 P.M. 29.9-h. 5. 2>9 } 

12yAAl.29.9f. 7- 29.9-E 85.30.0. 9.30.0. icA 32.0 

1 Firft part, calm. Latter, light breeze from KE. with ^azy 
weather. The hM bird aboard MIL A.M. Several tropic 
J birds. Paired a hr taboo adrift. Water luminous at night.; 
Bar. 4P.M. 29.9^ 6.29.9, 125 A.M. 29-95. 8- 
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4 


O' 


! 0 


i\OV* 

to; 


Dec. 


78 


Marine Barometer 


R. 


Ln.Dec 


3 °* 2 i 


835. 


S3 

84 

% 

80. 


sii 


qo.0 


3 °-°i 


, 3 °*° 


30,0? 


31.o^- 


In. Dec 


;o.o 


3 °'° 


2 9 ' 9 : 


29.9 


29-92 


2 9 - 9 l 


30.0 


3 °- s i 


. 3 r -° 


D. 


77 1 


04 


O 2 


83 ? 


8c? 


8x1 


In.Dec. 


29.9J 


29.9! 


29.9 


29.9 


-9 9 ? 


29.9 


29-9 i 


30.0I 


Weatkcr arid Winds 


r c * 

NF. by E. 

J c> 

ENE. 

| c. h. 

ENE. NE by E. 

1 h. 

NE bv E. 

r h. 

NEb/E. N. NE by N. 

fa ' 

KELy N. NNE. 

1 h. c. fq, r. 

NNE. NE. 

1 f!j, v. fq, bt 

. NE. V. 

r H > r - r - 

V. 

r.c. 

V. KF-. N by E. 

c. 

U by E. WE by N. NNE. 

I-C. 

NE by N. 

f c ‘ 

NEby N. NNE. 

J ^ 

K E by M. NE. 

j c.h. 

NNE, N by E. 

1 it. f. 

N. NNW. N bv W. 

f ^* 

NNW. JSW, is\Vby\V. V. 

J h.c. L. ton 

tv. V. WNW. 

c. 

WN Vvh V. 

1,. 

SAL V. SSW. 

r h - 

ssw. 

A- 

ssw. s. 

I h.f. 

S, V. SE by S. 

^ f. 

SE by S. 

r ?• 

SE. SIC by K. 

J f. fq, r. G> 

fr. SEbvE. E. ENE. V. 

j fq, hr. c. 

V. C. N E by £. 

L. 

EhvN. 

fO 

jaNE. NE by It. 

j c - 

NE by E. NE, NE by E. 

-j c. 

NE by E. 

4c.f. 

NE bv E, - 

f h - 

ENE. 

je.T 

ENE. ; , ■ ; 

} r* 

NEwlBNE. ' ■; 

l f. h. , t . 

; 


D L 
A.O. 


lil 11 


L 

i 


D. L. 
A. 

T. K. 


W [ i 


Longitude from Greenwich 


12 


o y 

E 

90.15 


90.36 

91,20 

92. 4 

92.16 

91.58 

91.16 

89.26 

87.9 


T.K 


E 

87.19 

^ 7-34 

88.13 

89. 6 

: 

89.21 

! 

89. sj 

88.17: 

86,10, 

83.50 


D. a 
T.K 


E 


S. 


O / 

E 


Oj 


97 


116 


*37 


188 

205 


L7.29 


87.25 


86. o 


80.42 

So. x; 


I atitude 


i1. 


' a 4* 3 

•■‘T’ 


Ml 


■r A 

u! 


12 


28 


o / 

s 

7- I 3 


O. 


s 

IO -SS 


7 . 2 A ,! x 1. 1 


! v-or. 

| Long. 


7.17 


7. 8 


7 - 5 5 


8-39 


9.42 


II. o 


11,27 


10.50 


IO, 33 


12. 2 


12.56 


14. 2 ! 


1417 


c / 

E 

^4 55 


05.15 

85.58 

! 86.49 

87. 2 

86.47 

85.44 j: 

83*45 

81.22 


Variation 


Magnetical 

--_ 


Az. 


o / 

E 


Amp. 


South Dio 


Fa :e J j j 

L\ID.jC.D 

E. i W. j | 


o / 

E 


1.32" 


* ;r 1,12 


1.41 1 


•1,22 


3*6 


2.2 


3 - 


5*4 


6.6 


7.6 


8.6 


9.2 


4-4 


2.6 


2.6 


S 6 


■li.o 


II , , T 
|l .,'1 L-. 


5939 ! 


3.3 ) Very Aemiv, 


8,: 


3-3 


5-5 


1.1 


2.4 


4-6 


0.1 


s Moderate breezes, ard rnoiUy hazr. Bar, 3 P.M. 20 .q A e 1 
l 8 A.M. 30.0. ' ^ 


Pretty Heady, 


Not Heady. 


Not very Heady.j 


;Very Heady. 


Verr Heady. | { 


j f Variable wir.A and weather, voth much rain, A.M. aiTrah: 
6 X U lar - d b H i rcbj Ay ij’-iie we Lf: hr::- diy ago." B V 


47 


S» 7' 2 Pretty Heady. 


9.2 j 9 , 


9.6 


94 


O.I Mr 




iP.M. 7 CC. 3 ; 4 ' 6.29.4. 9|. to-cT 

i2 t A.M. 29.9I. 7 I. 30.0. 8- 3C-0J. S{. " 

fF-rft part y fUaily with. rain. Pair 6 P.M. wearier LV:-,-. 
j very black and ch tea tern ng, but tLe rare me ter d u ret fa! d 
j tmd it came to norhmg. f Eddie and Liter, medcre!] 
) A.M. the fame land hi:d. Bar. 2 KM. 29 M. * 2I. an k 2 t 
I 4. 20.9. 6. 20.9, oj. 30m. 1AAl.'2c“.r4. “6. -j-a.l! 

I ”i- i 9 - 9 l- s i- 2 9 -?i- ns- 15.9J. ' ' ' Jj 

f DecreaEng breeze, with piemant weather. A.M. the fr.rr ! 
j land bad. A final 1 mew about tht \ Bar. af- P.M an • i 
1 4 - -9 9 - ?* 2 9 St* is* 29 * 9 -F '? A.M. 29.9A “-1 \ 
K 2 9 * 9 §* ' ' ; 

! 

J^Moftly light airs. A.aI. the fame had bLT Bar. a p.V'. j 
29 -^ 1 * h 29.8A 10.29.9!. xa.29.9j. TAilEchVh 


Light breezes. A.M. the fame land bird. P.M. a And hire, h 

5° 1 ile Y I'!?* au f rL 3 F.M. 09.9. 4. 29.95. 1041 

I 7 A.M. 29.9 j- 1 ij. 29.95. : 

i F rfr part, moderate bremes, Middle arc! hirer, fry;ah'- . 

! The tame land bird on Kara. A frnd Lrk on n >J“i 
]) Saw a fr.cv Hand ag to 7 L’: i: ho'ilA Eiz Lb odour ..1 
; | pa-* 4 fAVh 39.5%, :F w.c. _ ^ 29.4 [ 

[ - ZQ. to.c. i at AM. a*.*h. 1 a-L w, c- e -,c‘ d ■ ar,,-.' 

! L ac-oj. 8;-. er.n. eh - 0 . 0 7 ' 

j- Freih gales, v.’ith pendant weather. The fame land Hie oi 
‘j hcxaid, A met tied mrdl cm te on Ami. 3 „• r. a' r AM. -• o.a-L 

1 A- 9 *A* 6.29,9!- 10.30.0, S A.M. 30.; L 11,30.:^! 


/o 


Very iteady. 


;6624 


r Freilt breeze through arm A fmall land bird aboard. Er. 
{ 2 j P.M. 29 . 9 !. 4 ZC.O. 6 , nC.O. T A.xM. 32 . 2 , 

1 32,04. C. tf.cx v “ , 
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ERRATA and A D D E N D A in the Grenville’s Journal. 41,5 

In the explanation of weather dr. denotes drizling rain., and a comma Q after any weather marked, implies that 
all the weathers , fo feparated by comma. , are conne&ed: thus, fq, r, tli, L. impl jfqually with rain, thunder and 
lightning: fq. r; th, L. imply Jqually , thunder and lightning, to have all been in the period of fix hours, 

but not at the fame time. 

In the explanation of the 5th column, for N denoting that the observation read N denoting that the latitude by 
obfervation. 


ID.L.nLonff. from Gr.u 


D.L. A. 
A.O.T.K. 

N | S WiE 


A. TK. 


Latitude 
_ _ 

A, 1 O. 


D. L. [Loom from Gn. 

D.L. A. t---J 

A.O.T K. 

■Read - A. T.K. 

N|S WiE 


I atitude 

~T~qT 


May ad, — — 

4th, — — — 

8th, — — — 

9 th, — — — 

totb, add 4' to Lat, A till 15th inclufive, and 


13 I) 

18th, in column for W mad E 


lythy fubtraft io / from Lat* A till 20th of June inclufive, and 
June 1 ft, fubtrad 1 o'from Long, A to 25th of June inclufive, and 
5th j ~~ 

aift, fubtraft 11' from Lat, A till ift July inclufive, and 


29th, add 13' to Long,. A till 2cl Auguft inclufive,*and 
Julyhdf '"•' SJr+'b- • ' — 

4th, add 21' to Lat* A, till 19 Auguft inclufive, and 
24th, add 2* to Long* T,K» till 28th July inclufive, and 
a 8th, — —- — — 


J 111 ©_ l 

E 

“ 9 ~ - ~~ 

- 3 1 “ ~ — 

-139 ” ~ — 


/ O ' 6 / 


y / / / o i o t o / 




39-30 



0,338 



RegijJer of the Dip in His Majefi/s Sloop of War The Swallow, Captain John Alexander panton, 


4 1:7 


' N. The Chip having an iron tiller^ and muchyron 
j were not confiftent or meriting confidence* From 
, in j. lace in the Chip. 


about the after part, it was found, the obfcrvations taken in the cabbin 
An}engo they were all taken on the binnacle, which feemed to be the only 


1776 

jjOcL 14 Afhore at Trinquemale on Ceyloan 

! (At anchor 10 fath. fand and \ 
I fhelis^ fhijirtgo Road* J 


|OfT Kalpeny. 
[Off Scheulpar 9 



LacacHve liT 


in fight of Cetyl ot A>nwr 


—r-- 


|- 

Mao n eric al 







_Ar 





1 

! Variation 


South 

Dip 


Lat. 

; Long, 

1 

j Af. 

\ 

. ^ 

Arnp. 

Face ] 

MD. 

C.D. 



E. 

W 

U N, 

8.32 

oE/ 

81.3° 

! 0 / 

: \v 

1 

0 / 

W 

O 

3-6 

0 

3-6 

3-6 

O 

4-5 

8,41 

76.54 

: x.ta* 

T I a* 

l ’P 

3-4 

3-4 

3-4 

4 3 

9.58 

! 75* 4 

i 


j-6 

1.6 

1.6 

2-5 

9-54 

74 24 

! i- 3" 

o-53* 


ZA 

2*1 

3- 

9-57 

73-35 

i 


1.7 

*•7 

*•7 

2*6 

9 59 

72-30 



N? 


i-5 

2.4 

9.3S 

71.18 



2.7 

2.7 

2.7 

3- 6 

9 49 

70,26 



3-2 

3- 2 

3-2 

4 #I 

9-53 

69.11 

2 12* 

*•54* 

3- 

3* 

3- 

3-7 

9-55 

67-35 



4. 

0 * 

3- 

3 7 

10.43 

65-30 

4. 0* 
*4’ 4 

*tr 

1 

i 

1.4 

ND. 

E4 

ND. 

i-4 

ND 

2.3 

”•57 

63.22 J 

j 

; 4-W 

1 

0.4 

o?4 i 

0 4 

0,3 

ND, 

3 2-45 

6O.34 

j 5-W 
j *5-37 


3- 

; Q , ■ 

; 1 ■j 

■ 3- 

3-1 ' 

! 

3 2-59 ! 

57-21 

1 (>. 0* 

! **j ♦ 

j / • if 

6. 6*| 

4- 

4 * 

4- 

s . i : 


Si-? 2 

1 ’ 7*30* 
i *8-24 

, ; ' 

7-54* 

S 

5* . 

5- 

4.1. 

WA 

. ^ A 


; 

5-4 

5 4 

5-4 

4-5 



ifi;£0* 


j#i& 

iAfc 

Ja 

ihsSilS; 

33-51 j 

49-37: 

4 -- ^0 

9-3 2 * 

7.2 

8.6 

8. 

7.1 

13-371 

48-33] 

ALL 

9-3°* 

) 9 : 30 _ 

S. 

9- 

8.4 

7-5 


unto. 


Not very fte&dy, 


/Not fteady* but taken 
\ when moft at refL 


Quite fteady, 

I 

Ditto* 
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Nov. 16 

1 n fight of Caafl of Arabia . 

*7 

Cape Aden in fight, 

18 


20 

At anchor at Mocha s 

2 ;i. 

Ditto* 

22 

Aihore at the Company's fa Aery, 

In fight of Gebel Zehr* 

*3 

In fight of Gcbel far. 

24 

Ditto, 

25 


26 


»7 

i 

s8 


29 

Off Juckk. , 


i 

Dec. j 

In fight of Cun/] of APyjfwitu 

? 

* 

s ! 


It 4 

, - ^ T, •* 

i 6 

At anchor on Coafi of Arabia* ! 

7 

Off Coajl of Arabia* 




.... 

Magnetical 



. . f 





A 




1 



| Variation 

North Dip 

***” * 










Lat. 

Long, 

As, 

Amp. 

r 

Face 

MD. 

C.D. 




r 

E. 

w f 

I 

0 / 

12.54 

0 / 

47 - 4 

9.3b 

*10.38 

0 > 

9*39* 

*10.35 

0 

6.% 

0 

7.2 

0 

6.6 

0 

5-7 

!! 

Pretty fteady * ii 

12.41 

45-25 

*11.25 

*n,jo 

6*2 

7.2 

6.6 

5 7 

Ditto, j! 

*2.38 

[ 44 - *5] 

11* 3* 
*11.14 

u* 5 * 
* 11 a S 

7»2 

8,2 

7.6 

6.7 

Ditto, Ij 

13.22 

. 44. JO 

”•35* 

I I. 

8.6 

9.6 

9.2 

8.2 

Dittov j | 


44AO 


U. 3 * 

8-4 

9*4 

9 - 

8a 

Not ftendy, much wh»l, j 

13.20 

44*11 



9.2 

9.6 

9*4 

8 -S 

i 

* 4-34 

43-35 


IUP' 

124 

X 2*4 

( 2-4 

n-S 

Pretty heady, j 

15T2i) 

43.12 

13-10* 

*13.14 

J 2 . 5 Q* 

14*2 

14. z 

14,2 

l 3 3 

Very fitudv. 

16, % 

4 M 9 

14 - 3 s 
*12.57 

* 3 - 53 * 

1 . 5-6 

x 5 * (i 

15-6 

I 4 A' 

Ditto, i 

; | 

16.-24 

t 

ii 

42*22 ; 
i 

T4, 2* 
'D3.3I 

(4. t o •'• 

16,6 

16.6 

16,6 

hH 

DiUo, 

x 7 - ,5 

4 i *54 

x 3 ‘ 44 *' 

13-50* 

TO.J 

19.1 

19.! 

18. v, 

DtUiN 

1 

18.141 

4 u 0 

j 3 <4^ 

5 3 - 58 * 

20*6 

j 2 10 

p 7 


PiT'.iy fk-Nv, i 

19.36 

40 30 

13.1a* 

*12,56 

13.19 s 

454 ?, 

042 

24.6 

J * bd- 

ks«s 

Da'.u, :j 

20.59 

39-56! 

x a, 

3 t,$f< 

46,7 

3,6,7 

1 


2b. 

Ditto, | 

”-43 

39 - 3 


12* 49 ^ 

29*6 

29.6 

: ip 6 

7 S.I 

t 

I rerv vihLmso,', nv.idiji 
il win-,! tin,! id chine, i; 

21-56 

37-57 




uhau 

r* 


| 4 <i jj 

iVa-y uuue.uly. ■ j' 

22-44 

38.24 



3 i,6 

32.6 

32.6 

32. 

Not very {IcBtly* i, 

22-46 

38.n 



3 «- 

3 3, 

V- 

32.2 

Pretty liciuty, | 

22.54. 

24.16 

i 3..I4..4.. 

. 


.3.2,4 

34-6 

, 32*4 

54-6 

32.4 

31.6 

Not very RaiHy.. I 

i 38.21) 

1 11 

T 

r 

;h u 

3 *b 

Ptnls y !Uv.!v. r 

VT 4 u 

24,17 

i 38.21 

1 

M- 5 -* 

j »5- o*| 


. 

i 

s 

i 

i \ 


* i > < i < 1 
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XX. ,P: f’.j/iiv m Pyvomefry and Armwtry\ and on Phy - 
jii.a/ Mafura in yentrah By John Andrew I>c tut:, 
/ . A*. .V. 


l> AH 1* T II E F I R S T. 

Conceiving the metifmr of the cxpanjhn offofitfs by beat. 


IIr;'ul Much try 


ami i/, i 'i 78 


•I'M 


V imviligatiom of this mcafurc 
have been owing to accident, A 
new Hygrometer kd me to them: I have already men¬ 
tioned tit is inihument in the paper which the Royal So¬ 
ciety has done me the honour to in tort in the hit volume 
of the Philolbphical TnmiatRions* 

l had 


Effltijur in Pyrefn/trie el PArhndtrk^ et fur Us Mefura Phy~ 
ft]tat en ginir&i, ■ I\ir ft A, Dc Luc, Member dr fa Snckli 
'Ray a/e % &c, i ■ 

P R K M I K R K 1» A It T I E. 

Ih U mfurt dtt txfMfmt do judo part* tbdevr* 

M ES recherche* fur «tte mefurt oat M acekteniellen e’dt oa aouve! !!y« 
j»rom£tre fjui cm eft i'«cc#f*w»* Jc faithi* dej# mention dto ert inftromeftt 
darn Sc tn&noire tjue U ■ S*;jciet4 Rnynte m*a fait flioaneur dlaf&cr tfatyp. Rt 
TntiftA, rial* de t'aimce ttaraiit** . , 

v a d i? , , '.'.n'”. ft 



Mr. nit i,vc on 


420 

| had carried it with me to the top of the Hartz, with 
an intention to repeat there the obli, rvat ion upon t he dry- 
neb* of mountainous air, which l had made in the Alps; 
but it fell out, as it often does on mountains, that what 
I did observe was the extreme humidity. 

I will not- enter upon the conilru&itm of this hi- 
ftrument, which I have not yet been aide to take up 
again, to bring it ft) the exudntfs of which it is capable : 
all that is necelTary to mention here is, that it is made of 
ivory, as the firft was, but in a gluts frame; and that 
the effects of the humor upon ivory being irtauiftderuble, 

I wanted, in order to meafure them correctly, to detlroy 
the effect of heat upon the frame, which I have done (as 
in'm^^eoaipound pendulum) by the expansion of a 
rod of brafs in a contrary direction. But to do this 
It became necedary to determine the proportion between 

the 

Je P&vois ptol ft»r la pin* 1*s«te fammlti <Ht tlam, dan* Pmwnficm d’y rlpfter 
Pobfcrvation tic It flsdimflb de fair tic* mnniagnc*, «pic J’avm* fatic tia«s let' 
Alpem; mail H srnva* ce tjui arrive a«f!» uet iduveitt Cur lc» tnuntagnoi, quo 
.cc fur Phumklite extreme que j’y obfmai. 

Je n'entrerai pm 4*»* .te'4$»il4« laconUmdifen 4c cct inftntmcrrt, qitc je n\ii 
pu rcprcndre encore popr l’lwiiciiCT su point 4’cxallitudo 4ont il eft AilccpttWe; 
il ;fti'fSra 4e dire id, qo’ll eft d*yvoire comme ie premier tpie j’jivoi* imagine, 
<juc Si. Jrionture eft 4c verre, et q«e tea offets 4c Vkumtr for Pyvoiro 4 tans pen 
confidcn&fci, j*ai vonlu, poor ic* mofurtr comdement, demure Pellet 4e la 
dt.tlntr far iarasmtusej ce comme dan» Irspeaduits eoinpvits par 

rapport* 
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the dilatations of brats and glafs by beat, and that was the 
ocealion which led me to Pyromctry, One cannot ad¬ 
vance a flop towards the improvement of any of the 
feienees, without contributing at the fame time to bring 
the others to the fame level. 

Being thus obliged to know with feme degree of accu¬ 
racy the relations of dilatations between hrafs and glafs,] 
began by conftdering the methods which had been made 
ufe of to elHmate them, and found in them nothing hue 
uncertainty. The mountings of the mftruments were to 
be fufpe&cd, and tbeir influence not iitffidently guarded 
again ft; Micrometers appeared to me uncertain; for 
wheels and levers are liable to al moll unavoidable irregu¬ 
larities; fimilur degrees of preifure in tire contact are dif¬ 
ficult to ultimate; and fuch methods of incrcafing fmall 

phyfical 


r.'ij>j)oi V tics dilatation* du kion < t du verre par !;\ rhnlruv<t tVrt eel objet tpti 
ni’a i<-uc *!«»* I;t Fymmetrie. Oft «c (itutwit fine avauu-r d’un de’gre ver* ia 
perfection quckptcbriUtcUc tics frienecR, fans tjuViic tunic it porter k* autrts » 
memo niveau. 

Mctrouvaut done dans la tteeciTttr tfc commitrc avee *<p«lq«c predfioa cc* 
rapport* dc* dilatation* dot lettm cttlu vem% jc tffkdu* fur let moyens qti’on 
*vo»t cmpioy& potirle* dlkrmi«cr t et jc n’y trouvti qu'hu'crittntk, Le* taon» 
taro dec machines me ptmrtnt fafjwiftrt; je nc trouvai pat tju’on fit audene. ■*' l*al>ri 
dcs effets dc leur propre dilatation: les Micrometre* furtout tn* pararag.peu furs; 
tar dot rotMgc't ct de* leviers font fojet* a de» irfegnUHret prefija# inevitables; de« 
<3£grdi fentblablct de prefljon dan* in contatt* font difficile* 4 faiftr; ci stgrasdjt 

1 ,yA 


3fr. T) k t.i rc an 


phydral dlbcls render them indeed more apparent, but 
do not at all mnttibuu: to iheir rv.nd meufuration, 

1 had heard the ingeiUoUN VIr. u \msij|'X lay, that 
he had i notion oi a Pvrometci diih it nt in >m all that 
had been invented ; and knowing hi i gnat lkill in 
phUofophical and mechanical matters, I applied to him, 
and prefled him to execute his idea, 'l he multitude 
of his other engagements prevented his complying 
with my replied; and he advil'ed me to look no far¬ 
ther for the proportions oi the expan lions ol bruts and 
gluts' than to Mr. smkaton’s experiments, ninth he 
looked upon, with teuton, as the hell that had hem 
made'-"’. Still, however, upon my defiling him to ex¬ 
plain by what means he thought of being able to cor- 
reft the faults of the ancient inftrumeufs, he w as kind 

(a) Phil. Tranf. 1754- 


enough 


,inft tei petit* effet* phyftrjacii, e'ctl tiers tc» rewire piu* npjwnw, »uus milk¬ 
men! lc» mefurer me exafthude. 

J’tvoU our dire# I'ing&ieux Mr, hamimn, *ju'il 4 vmU "idir. >!'«» Pyromhre 
different dc tou* Ic* mitre*; « conivritlirnt fa grande iotrUigome dan* let maiicrcx 
ck j>hyfiq«e. j'cu* ttxauni !»*,.«»j« 1« S**« *f«* d’oukmer fen 

,,lan. Mail Ir multitude del otjet* <|«i I'occuprnt I’eo cinpavlia, « »! me con- 
feilia dc m’en tentr pur Ic. rapport det expanfom* da iulua « da verre, «ux 
examinees <l« Mr. imkatow, tja’i! regardoit avee ratfon «:oimne h% jdus lures*, 
Jeffml cejwnJaiu Mr, ramsukn de m’cxpliqaer par quel moycn il comploil 
dc ici «icfauM 
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enough to do it, and told me, that he promoted men ftt ring 
the expansions of bodies, by the Micrometer of a Mi¬ 
croscope ; by which means he ihould obviate the givak d: 
mechanical difficulties. He added, moreover, that fie 
had made a hilt trial of his method a long while ago, 
and was allured of the fucoefs. 

This idea itriick me, and being very dellrous of fol¬ 
lowing it in my prefent need, l determined, if I could hit 
upon any method within my conrpafs of ability, to un¬ 
dertake to execute it my Self. 

i found many difficulties fo long as I only thought 
of abfolute meafures of the expanlions of bodies. I 
was determined not to fet: to work without the hope 
of making an inllrument that Should he really an cxadl 
one, and the Micrometer always puzzled me. But 
coming happily to relied that I did not want abfolute 

meafures, 


vie !c fairCi 11 me tit! d<>m, qtfit fb prupufirit dc niclutcr let fixpantimts tics 
corps, au moycn du Micrometre d'tm Microlcopc; <v tj«* cviicmit Ics plus 
grandcs di/Sculte* medtawques; i! sjuuiatomic, qu’il avoir faitdepuis long turns 
tun premier cfliti de cette tt>i thodc, « qu’il emit perfvmde tlu iuccfii, 

Cette »tl« me frapp#} .« defiant bcaucoup d’en fairc ufape dans mon Worn 
prdfeur, je me dctcrmiiui a cntrrprendre dc I'cxCcutcr mui-mcinc, ft jc pouyoia 
imagine? qucique nmyrn qut fut a ma jtoitce. ■ ■ y'- ■ 

Jc trouvai bestucoup dc diflkultf* a cette entrepriflfe, tant que jc nc fongeai 
qu’A dcs mefures abfolues des expanfion# dc* corps, .. Jc ne vottloif pa# memo la 
main a Pocuvrc, fans avoir 1’efprrttncc de fairs one machine .yraiment cxu£k; et 
ie Micrometre mkmbaraflbit t»qjour», Mats venant heureuftmvnt a co oG46rer t 
L" ■ que 
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and that it was enough tor me to find the pro¬ 
portions of dihuibiUty between two different budk>, ] 
was led by that idea to a very ftmple method, which 
made all the difficulties vunilb, and gave me the confi¬ 
dence l wanted to fet me to work. Afterwards, indeed, 
I went much farther than I expelled in the absolute mca- 
fures themfelves, as 1 flvall (hew, after having fait ex¬ 
plained how 1 propofed to afeertain the relative expan- 
lions, and the great advantage of that method in prac¬ 
tice. 

Principle on which is founded the comparative meafure of 
the expanjbtts of bodies by beat* 

1 t , 1 '-;4» 

.,'‘Itepojfe^aperfon to take two rods of the fame fort 
of fubftancc, or of two different iubttanccs equally 

dilatable 

1 quejen'avoi* pmtbcfoin dc mrforc* ab'ohic*,« <|u*il me fufftfoktle trouvrr nvee 
certitude lei rapport* tie* tlUatabiluc* dc deox corp* difftrrna, ja fm conduit par 
; IA a one iddc fort ftmple, mi tewfc-, k« ilifftcukc* s'dvanauirtru: cc tjut me 
donna la con fiance done j'avoi* befoin pour metue la main a 1'ocuvre. Mai* 
eniiiirc j’ai etc plus loin tjuc jc n’aurot* «fc efjxlrcr, dan., let melure* nbfofoc* 
jnfime*j c*eft ce quo j’cxpoferai, upris avoir explujud d'ftbord, comment vs me 
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dilatable by heat, and laying them one over the other, to 
rivet them together at one of their ends. If then they 
are folidly fu I pended by the oppolhc end of one of the 
rods only, and on the free rod there be marked a point* 
at the level of the point of fu (pen lion of the other; thefe 
two points will remain equally immoveable, whatever 
be the heat which affefls the two rods, ih long as it 
affedts them equally: for the expanfion downwards in 
the fixed rod will be com pen fated by the expansion up¬ 
wards in that which is free; and eonfequerttly, the 
point maiked upon this will always remain equally higlt, 
that is, correiponding in the fame manner with the 
point of fufpenlion of the other; lb the proportion of 
expansions of the two rods will be that of equality, fmee 
the diftances from the point of union of the rods to 
the two immoveable points will be equals and that, con- 

fequently. 


lie cn&mble par un tic burs bouts: ft on le* ftifjxrftd foHdctncnt par k boot 
oppofc de Tone dc* humclw* fculsment* rt qo’on marque on point fur la brantltc 
tibre vis 4 vis d«'p#i«t'de fufprntwfi de fttwr^’CC* deux point* reftdPfrtts 
•<gtlemetrt. immobile#* <j«Sie qwibith ditkttr *jtsi teffede le* deux fer^Kte*, : 
dtsque ce'■fe«'."i6gRka i srrflrt:! car i'tillwnprment vers k ba* duns la bra'ttcMifxce, 
ferreoropertf? vew k Mvt dans k branehe'lif^f^ijiiir con- 

■jfiftjoeartt. le fur eetle ci, refloat roCjmtr* exoftciWtort'S fa inetw#?.. 

hauteur, c’uft a dirt yte, & vis du potat <k fnfpenfion de I’jtutfe* t jtinfi le 
<$e* det debit branehe#, ftvst iadal la diltaaettdn 

point Wrbtnion «te* branches, *«* deux points immobile*, ftra 

.' 'Vvt. mvm, ■ .. k «« , , im 


fequcntly, the fume length of the two fubftanccs will he 
requiiite to produce the fume long! heningof them by heat. 

But if the free rod Ihould have more or Ids expanfibi- 
lity than the fixed rod, the immoveable point of the for- 
racrwill not be any longer at the fame height as the point: 
of fufpenfionof the latter; it will he lower, if its expansibi¬ 
lity be greater, bccaufe a lei's length of this rod will be re¬ 
quired to make up for the whole lengthening of thcothcr. 
It will be,higher, on the contrary, if its expand bility be 
Ids ; and the riiftances, from the point immoveable by 
fufpenfion, and the point immoveable by compenfation, 
to the point of union, will be always in the inverfc 



tees. 

x)int by com- 
?f union, that 
(hall have the 
relation 
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relation of the expanfibilitics of the two fubflances. 
Now nothing is caller than to do this by means of a Mi¬ 
crofcope, furnifhed with a tingle immoveable wire; for 
the wire being fitted to a point of the free rod, and the 
two rods being equally warmed, if this point moves, it is 
a fign that it is not that which is fought for, which will 
then foon he found by pointing the Microfcope higher 
or lower on the free rod, according to what fhall have 
been indicated by the firft trials. 

Thus then will the relation of the expansibilities of 
two fubltanees be procured without the neccllity of hav¬ 
ing recourfe to any Micrometer; confequentl y, without the 
rifles of the errors thofe inftruments are fubjeil to, when, 
they are ufed in very nice meafures. All that will be 
needfary for the exa&nefs of the obfervations will only 

be, 


MpanftWlitiSs <ks dew* maticici, Or il eft trci aite dc k trouver par k moyen d’un 
Microfeoj« muni d\»n find fil immobile. Car cn ajuftant ec fit fur un point dc la 
brioche fibre, ct dchauflfaot dgalcmeot lei deux branches, ii cc point ic meur, 
ce ne fieri pas celui tjukn cherehe j tnais on k treuvera bientfit par tatonnement, 
en poitwant le Microfcope plus haut ou pha has fur la branch* fibre, fervent 
lea premiers tentative* I’aurost indUjui, ' . 

On aura d.tnc ainfi let rapports de* expanftbitit£> dedtux mati§ref f/ firm 
befoin dc Micrometre, ct par confluent fen* Itrc ospofe ig^erreor* 
pomrolt Introduire dans dc* meferc* auffi dlUcatCf.* .etjjjHit qai 
•ft nfedfatre pour i^ 3 K|&ttadc nc coaflfib qu’a .fw’p/MicrofcQpc* 

Ec«* 
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be, to be affuretl, t lv.it , whilil the (lihdaneer. compared are 
warming, a Micro let >pe and a point of fuipen lion will be 
fecured from being ditlurbed by any motion; which js 
not very difficult. 


DefcriptUn- of aninjrummfi wtmkd to find m the com* 
; faratbi'o cxpmjihlUtu'S of bodfts by heat. 


1 flatter my i'll f, that a ddcriptinn will make this in- 
Ih’ument fttllw iently uiukrftooct to render it unneedtury 
for me to give a figure of it: fhottld the Soticty, how¬ 
ever, he defirous of having a drawing of it, l fhuil with 
pleaittre obey their command e . 

_ the inllTument is a redanppil.tr piece of 

deal-board'; very fttait-gnuucd , two feet and a half long, 
fifteen inches broad, and one inch mid a half thick : it h 
to this that all the other parts ate fixed. The fit'll thing 


at un point Jifu/jiejifion feront auk & Taint tk* tout movement, t-jifou 
«!jaofftra lesmatiercs coraparcen ta <$ui n’cit pas turd *.1 if Idle, 


JJtjl'tipt'm im.mjlmmnii tmvrr ks (m.psrmbm inttrft 

Pttoh pouvolr mi cftfy&afiit <fr cbfintr due figure tie ma machine, pamc qti* 
;’i’'l:JpSs^"'|u*une fiiiipfe dfcfcnjHKJij 'la' ft'ra comprcmlrc. Si ctfjwndant la-'Sdcit*#" 
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I did was, to mount it in the manner of a table, with four 
deal legs, each a loot long, and an inch and a half i qua re, 
very iblidly fitted near its four angles, and kept together 
at t he other ends by four erofs pieces, likewife very folk!. 
Jlhall always eonlkler this fmall table as hung to a hand, 
capable of being tranfported to whatever part there is 
1110ft light in; the hoard being in a vertical lituation in the 
direction of its grain, an<l bearing its legs forward in Inch 
a manner as that the erofs pieces which join them may 
form a frame, likewife placed vertically facing the oh- 
fervor. 

This frame liiftairts the Mieroicope, which is firmly 
fixed in another frame that moves in the former hy 
means of grooves; but with liich a degree of tightnels as 
to render it ncecflary to ufe fmall ftrokes of a hammer it- 
order' to make it llide. The preflure of four f rows 

will 


tp» font attar'hvc.* touts* let aufrrs pwtic*. Jc IVt mnntik iPalionl cotnme une 
petite falAr, aynnt qsisnre jnrnttc* dc fagn <l‘ua pied d<s Song et <Pi | jnmec < n 
quart#, pofewbien fedidement prts «te <cs tpjatre unglct, et fcunSen k I’suitrc rxtre- 
mti .per xjuetrt trawtte »*aii tri* folides. je fuppolcroi tofijours rote petite.' 
table furpemlue l Wifttyport |»ropre S' itre tranfpwtc'h m Pen a«ta It* pit* do, 
Sowttre, ft- .pfcnchc $xmX' dam vme situation vertical* dam la dirediondc fes 
fdni iSf ««• pwrrtnt ft* qtrafre' jafnk* en want, dc manure qne leg’" rrtta® qul 
ksr^aniflcni fbrment txti cadfc, fits'#SoM'veni'cakmUft an facede foWcrvatcur. 

C’eft i c© cadre 'foildetnttit adapt# iffertm chafe-- 

(fHi 'monte. .ct defccniti' a ronlifie, et wee aflefc ■ de juftefie, pour qu’il faille* 
employer de pans coup* de niartcau pour Ic hire monvows la 

■ , , ; _ ,. :g!iIcjoatre 
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will give it the decree of frhdion one thin!;!' proper. I 
preferred this modi' to that of moving the Mierofcope 
by ii llrew, hccaufv this l.tli would have required metal, 
which is more fufecptiblent the hnpreliions of heat than 
deal is; and becaufe the exeeulion of it would have been 
longer, and more exnenlive, from the degree of per fee- 
tion. it would have required, whilil this limple method 
has fuecccded perfectly well. 

The inner Sliding frame, which is Hkewileof deal, keeps 
the tube of the Mierofcope in an horizontal jjofition, 
and in great part without the frame, mfbmueh that the 
end which carries the lens is hut little within the fpace 
between the frame and the board. This Mierofcope 
is, cosiftr^4t©d- in fuch a manner as that the object 
obferved may be an inch diftam from the lens, and 

it 


qtmtre vis I«S douse le Mgti, dr fwneiwen* quo t’on vettt. Jk* prfifirti ce 
moyen, a cclui tic conclmre le Mitwlcope par tine vi*« pauT <jw ft dernier 
auroitewgfi du metal, plus fnfccptibie dc* imprclfkii* tie la dwkttr que k fa, in; 
et que iWcution turait ite plus longue ct plus tlilptndiciiic, par U pctMbon 
fju’elle cik weigh Hindi* quo eerte voyefimplc a parfattemcm fcullj, 

Lc chaffis, quieft aoffi de lapin, ties* le lube do Microfcap fittk hortaon- 
talemenr, ct en grande partite aw dehor* du cadre •, tclkmcnt que le Ik >ut q»j porte 
la lentil le n’cft que fort peu en dedrns de IVfpace comprb erttre le cadre ct la 
platt<3^, s ;,Ce Mierofcope eft conftnut de wuwere, «j«e 1’objet obknt peutfets 

...... , ', , ...h.-h'. .;: : d ■" ' .. »«* 
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it 1ms a wire which is fitnated in the focus of the gldlcs 
in which, the objects appear reverfed. 

At the top of the apparatus there is a piece of deal, 
an inch and a half thick, and two inches broad, lain in 
an horizontal direction from the board to the top of the 
frame. It is this piece to which the rods of the different 
fuhftances, whofe expanfion by heat one wants to mea- 
fure, are fufpended: one end of it hides into a locket, 
which is cut in the thicknefs of the board; and the 
other end, which refts upon the frame, meets there 
with a ferew which makes the piece move backwards 
and forwards, to bring the objects to the focus of the 
Microfcope. There is a cork very ftrongly driven through 
a hole bored vertically through this piece; and it is in 
another hole, likewiie vertical, made through the cork, 

that. 


i-on poucc tie (Jiftitttcctlc la lentil 1c; ct tl parte un it! «» foyer tics vme«, ou lcs - 
ebjet* fc pctgneijt renverfes. 

An haut dc l’apparcil eft une pike dc fapin, tFtm poucc ct demi d’dpatffcur tt ■ • 
Ac detix poviccs dc largew, qui part homofttalemem de la plinche ct vknt fe . 
rapofer fur le hmt <iu : c*dre, CVft a cette pike tjuc font fufpenduc* vertiofe* • 
ntcnt k* branehcs'ttes diverfe* matures done on veut tnefurcr S’otpanfton paHi v 
chalcur; cllegliffe parun l*out, en tenon, dans une mortaife perck d*nil*^paif*- 
ftur de la planches et 1'autre bout, qui rcpnfe fur ia cadre, y eft re$o :par une 
vis qui fait inouvoir ,1a, pike en arriere ou cn a van*,pour!*&***$& 
foyer do Microfcope, U» jbaueboo de liege pa{fe ; a¥ec > fqt«* : ': ,, par in trou perofi' ^ 
verdcatement dint cette pike; et e’eft par «o trou, aufli vertical, qui travwfc 
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tint the rah are fixed at the top: Id that they hang only, 
and their dilatation is not comUer.aded hy any prdluro. 

In order to convince nivfelf of tin: Joliditv of this in- 
iirument, l adj tilled the wire ot the Microitopc upon a. 
point of a rod thus fufpended, and left it in that hate for 
ibvcral hours, during which I not only moved but it ruck 
the machine, without: perceiving any change in the rela¬ 
tive po fit ion between the point and the wire, which per¬ 
fectly an fevered my end. 

The next thing to be done was to heat my rods: for 
this purpofe l procured a cylindrical bottle of thin glafs, 
about twenty-one inches high, and four inches in dia¬ 
meter, which I placed in the inftde of my machine, 
•upon Wfilasd; itwtepetuknt of the re it of the apparatus. 
The rods are fufpended in, this bottle at a little Ids than an 

inch 


ec liege, <|uc les kancJir* fenw irtwwf* par loir 1«om Atperlctir: dies fom ainfi 
'f«fpe»idto«* # tt pur crintcrjuclit tcur cMatatton ncl'e eonfumc « aucon 
effort, , 

Pour m’afTurercte la fotkthe tie ccttc madiine, jT|uft*i le fit tiu lUicrofcojw fur 
ii« iwiftitf-une branche ainfiTufpcnduo, «jc le bulks .!,««»mshai peodanfpta* 
Items hcarcs, ea ttanfpottftnt ct fceurtani tnime i« nutrltioe, ten* ttppv'rcsvatr 
aocun »-• I s a ilu point avocle W;s ce«jui repondottparfeue* 

merit ,’s mm but. ■ ; 

'll alor* d’trctw after roe* tranche*, - jte fii Zaire poor cela une bmi» 

»lc vems mince, «Je sr pooee* tie haw « de 4.pouee« de die- 
metre, <|w: |e wlapti tbu'd’imeriewtfe m* ntacltine far un iudejMSsadaitt 

lirttnir !e fewioehrsffftdtnt fks%««tte bauteiiic a tin pen 
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inch diilance from one of the Jules, in order to leave 
them near the Microicope, I poured into this bottle water 
of different degrees of heat, which I llirred about with 
a little piece of wood, fattened horizontally at the end of a 
flick, which I moved upwards and downwards at one 
of the fides of the bottle; in this water I lump; a ther¬ 
mometer, the ball of which reached to the middle of the 
height of the rods. 

The water during thefe operations rifes to the cork, 
which thus determines the length of the heated part; 
the bottle is covered, to prevent the water from cool¬ 
ing too rapidly at the fur face; and a thin cafe of brafs 
prevents the depofit of the vapor upon the piece of deal 
to which the rods are fixer!. 


This 


mom* d’une ponce tic diftancc «l«s Too dc* c«t£s, parce tju’il faut qu’dlcs foym £ 
portdedu Microfeopc. Jc vcrlc dc 1'eau a diveribs temper at urea dans ccttc bou- 
tcilte, cl pendant, lea experience*, j’agite cette can par le moycn d’une petite 
planchcuc tenue horixontalcmcnt au bowl d'tra baton, que jc bis mouvoir de 
haul cn ba$ et dc bas cn haul a fun ties edict dc la boutcjllc. jc idlpcnds dan* 
cette eau un Thermomdtre dont la boutc attcint le milieu do la hauteur dc* 
branches, , 

L*eau, pendant !es operations, aMleve jufqu’au liege, qui determine aiofi la 
longueur de la partie (Schauflee, La boutcille a on couvercie, pour empechcr le 
refroidil&mcnt trop'rapsde de Feau £ la furfaeei et on £tui de leton najnee 
empdchc Sk tapeurdc fe dlpofer &r la pifeee dc fapin ou le* branches font fixdes. 

F f S . ,'uV«U» 
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-Hiis U a ikctch of my machine, the whole of which 
conihb in the keeping the MUrokope and the point of 
futpcufuiii of the rods free from motion during the 
obi cry at ion, and in head inn, the rod - with water, I will 
now give an account of the experiment a l have made 
with it. ,* 

Application of the method ofJiudbp* the pro port;-? n, r Prfcurn 
ilic i Xpuh'jifnPlics of different matters by heal. — Deter- 
imitation of the relative rxpanjibiiitirs of hrafs and 
gltifs- 

The firth experiment l made with this machine war 
that which l wanted for my Hygrometer. I took a 
id ah tube, ihmlar to thole which are made ufe of for 

common 

Vintn rtfijUJlh' df dcjip imulntm* fn luvM tfnrtfifttf k jfrmlrc: k M if rok *.'}*' r< 1c 
point th Tulpcnfitm .«i*> kv.irr-lu* h IVh* *!r MMwvrmcul IVflpf* nhhHtrj, 

ct & 1 cch-aidlcr In fanindks* par If twycti tlr IVmu J«? v*m wuHfhim* icrufra 
roinjifedci exj tmcricc* <juc j*ai-fallen par ton wfynw 

Jppfaattm fa k immwr Ari fa$ txpmjibului fa mutism ,Mf* 

jhrntts pm* ta 'iUUkr^DHtmi'nvtm fa$nktim fa§ Um ti *tu 

wn\ 1 ' - 

Lft pit mu* a* cjtpih ience t|ui: jefi* aircc cw«? rmckint?* fui cellc.cfoncJ*iivoi* 
mm I hp'miiilrc, Jc prti Wfw'braiKlif dc -vmc jacrrfc^ <Viiislilal4e a 

' '' ^ \ : k'' ' ; : - , tubci 
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common barometers; that which I uied for the frame of 
my Hygrometer, and on which 1 made the experiment, 
had an external diameter of about three-eighths, and an 
internal of about one-eighth of an inch : the rod was from 
twenty-one to twenty-two inches long, hut it patted under 
the cork only eighteen Englith inches, reckoning from the 
point to which was fixed at its bottom the lamella of brats 
the dilatation of which I wanted to compare with that of 
theglafs. The lamella was applied from this point length - 
ways and upwards along the tube: it had been made thin 
by rollers, to render it the more chitlin; and as it was too 
thin to fuppott iticlf uptight, 1 kept it ilrctehed in 
that: direction by means of a thread, which, going over 
a pulley, bore at its other end a weight fit to give it 
the fame degree of ten lion which it has in my Hygrome¬ 
ter. 

Upon 

tubes dent jc fail ufage pour la moisture dc mes Hygromhrci, et que je found* a 
rexpericnee, ont environ | de pouce de dismetre extdrieur, ctd’f ft I’intcrtcur. 
Le tube.que j’cmploiai avoit at ft aa poucea de long, mats it rs’cxcddok Ic liege 
que de 18 pouect A ngfeis, ft compter du point oti etott fixfie dans le lias la lame de 
l&oh dont je voulois comparer la dilatation avee cells du verre. Dc ce jxjint, la 
lamede ldton s’clcvok Ic lung du tube. Elleitoit fake an laminoir pour la rendrc 
1 plus llaftiquej cteomtnc elle fe irouvoit trop mince pour fe foutenir de bout par 
clie-m£mc, je latenoi* tenduc dans cettc dire&ioo par on ftl, qui, paflant fur 
tme poulie, poitoit a fon autre bout un potdf propre a lui dormer le mcme dcgnS tie 
Motion qu'elle cprouve daps mon Hygrometro. 


J’avoit 
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Upon (his lamella I. bad marked a (Vale width be- 
„ tn at it?, point of union with the vfiaf', ami was divided 
into fmall equal parts at the fpaee along whit h l thought 
I might be obliged to move my Microti, ope, in order to 
look for the point which would neither rile nor fall 
by the variations of the heat. 

Hitherto the difficulties had been inronfiderable, or 
rather I had experienced none at all: hut it was nut lb in 
the phyfical inquiry which was my fiHV object. The 
nearer we furvey nature, the more we fee of the diffi¬ 
culty there is in unfolding her myfteries; as in the a I fairs 
of ordinary life, thole ever find them the mod difficult, 
who underftand them belt. The moral and phyfical 
Microfeop© «ip$»"equally fit to render men cautious in 
their theories. 

The 


J’avoi* traci fur ccttc lame two ccitcile tjuc partoit dc foo point de UKimon 
avwrle verre*. divide on petite* pardci %alt* dam Pctcmiue ©d j* : penfoi# pm*, 
voir (xri oblige promcncr uion Mtcrofrop pout dicrdwr ee point fixe, 
c'dt it dire tc point tjul m taonteroit nt «e deiteitdndt par lc* tamtiun* tic Ja 
chaleur. . 

l <« difficult!* avoicat fort pea confidcrabic* juftju« la, ©u plut&t jc n*«rt 
avoi* cpruuvfi sweiwie, - fdtilr i! tfm fut pat de mime dan* In redterche phy- 
liqac qui doit mon" premier oltjet. Pin* not** voyew dt pn* )# Nature, plus 
»ou* appearvoin Jett difficult!* qu’elle oppofc a fe tattler d!vtd!o% Celt »t|f*, 
«'juc dan* ty* affaire* mime* dc la' vie, it i»*f a jwrfotme <jui Witouve. plu#tfp~ 
t;,dci ejuc eettx qui le» voyent le mieu*. he MkrOfo&pe, pbyfitjoe oa moral, eft 
Wn fait pour rrndf6 fbojamc As* f« 
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The fir ft phy Ileal diflkulty 1 met with was not new 
tome: I had already met with it in two different ma¬ 
chines in which I had made life of metals; in the one, 
to mark the variations of the heat; in the other, to corn- 
penfate the effects of it: it: was the irregular dilatations 
of metals. 

The laft of thefe machines, whic h is that on whic h I 
have beftowed the mail care, and which 1 have ftudied 
with the greateft attention, eorredls the effects of the 
heat upon a Barometer, and upon an Hygrometer of my 
lirft conftm£tion, which is joined to it, A ftrong rod of 
well hardened brafs fupports upon an edge, at a con¬ 
venient diitance from the center of motion, a lever, 
which holds the fcale of the Barometer fufpencled, and 
makes it rife or fall by the dilatation or condenra¬ 
tion of the brafs rod, as the quickiilver rifes or falls in 

the 


Li premiere de* diilkultc* phyfujuCH <j«e pat remonticM ne m’etoit pas in- 
connue: jc I’avoii d£ja eprouvf-e «i deux machines dilfercntcs ou j’avois cm* 
ployl des rotSta**, dans Pune pour manjucr les variations de la elude ur, ct dans 
l'autre pour en compenfer lc» eOeisj deft PirreguUrite desdilatation#ties nukaujc. 
La dcrnicre deices machines, qui eft telle ft laquellc j'avoi* donne lc plus de 
foin, « qoe j’ii etudicc avec le plus dhiUeiition, corrige les diets de la chaltur 
fur un Baromitre, et fur un Hygromdre de nta premiere CGaftru£Uon ! ajui lui eft 
joint, ' XJne forte tranche de leton, Wen durcie a la filiere, foutient fur un 
tranchant, a une diftancc ■ convetmhle du centre de, mouvemem* un levier <pf 
tient fufpemiue Pcchclle du Barometre, et qui.L fait montcr ou defeendre, peitfn 
dilatation ou condcnfatum de la branchc de leton, eoitmic lcme i rcure ! .«l®S^ oa 

■. ; '-'v.Cifih defeend 



he Barometer, by the cunt 1 pom ling variations of beat, 
phis it ale of the barometer, when it moves, draws or 
oofens a thread of lilk-grafs, which goes over a final 1 
)ullev placed upon the fame axis with a much larger 
me, to which the Hale of the Hygrometer is hung 
ikewife by a timilar thread, which thus varies, by the 
proportion of the diameters of the pul lies, as the heat 
makes the qtiieklilvcr in the Hygrometer vary. 

lids initrumcm is extremely convenient for meteoro¬ 


logical oblcrvations, becaule if laves one obfervatkm, and 
two a faving of 

tiroc,which is fpedally precious to the A ; ftiWiomer,w ho has 
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fcalcs of the two inftruments, which, going over im¬ 
moveable leaks of the fame lort, llsews their dif¬ 
ference of height. When this diliercncc is no longer 
conformable to the indication of the Theimorneter, it is 
eafily redi/ied by turning i'mall pegs, on which are 
twitted the thread of filk-grafs which ferves for the fuf- 
penfion of the fcalcs. 

The irregularity of which I have been ffteaking con- 
lifts in this, that when the heat, after having varied, 
returns to the fame point of the quiekfdver Thermome¬ 
ter, the metallic Thermometer does not return to it 
exadly, but varies nearly in the following manner. 
During the fummer the metallic Thermometer gains con- 
llantly on the other; I mean, that amidll: its variations, 
it always preferves a fmail part of the lengthening, 

: which 
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which is at that time its ordinary (late. In winter, on 
the contrary, it becomes infeniiblv a little too fhoit. 

The cither metallic Thermnmetc r 1 have mentioned is 
made of lead. 1 made it (even or eight and twenty years 
ago, for an in liniment which is nunc agreeable than 


lafeful* on acconpt of its irregularity. A rod of lead, 
communicating by a thread of (ilk-grail, with a (mail 
pulley fixed to the fame axis with a greater one, con- 
.du&s, by means of another pulley, a needle through 
whofe axis, which ,gs bored, paffes another axis which 
carries the needle of a pulley Barometer. Thus this in- 
ilrument marks the heat and weight' of: the air upon 

f two needles turn- 
cks; hciidc^i which, 
points out upon a 
third circle the correction for the heat, to b» made 


two concentric circles, by means < 
the needle of thi Thermometer 


on 
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on the Barometer, which at that time I had already de¬ 
termined. 

The irregularities of this laft metallic Thermometer 
are of the fame nature, but m uch more considerable than 
thole of the other.* this had already made me fufpe<5t, 
that they proceeded from the metal itfelf, though the 
wood, of which the frame was made, appeared a little 
fufpicious on account of the humidity. 

I met with the fame effects in my laft experiments, 
when the frame no longer interfered; and the irregularity 
fhewed itfelf in this manner. Whenever I had obferved 
the point at which my Microfcope pointed upon the la¬ 
mella of brafs, which was fufpended, with the rod of 
glafs, in water at the temperature of the air, and 
then put warm water in the room of this; if 1 cooled the 

water 

1* carre&Son a faire pout la dialeur fur 1c Baromttrc, que j’avob ddja elder- 
miade ak>r*i 

hm irr%ularstdi tic ce dernier Thermometre mdsllique, qut font tie mem* 
nature qua ceilet dc i'amre, font encore beaucoup plus grande*} ce qut m’avoit 

- «• * Je#.. *Jk _^ .1..- -*-.&«**+.* U 
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water by degrees, 1 fount! that the lamella of brafs pre¬ 
ferred a little of its lengthening. 1 did not fufpe<St the 
rod of glafs, bei.xufe the eiaHieity of this fubltarice is 
phyfieally peifedt, ami that this quality I cen ts to me to 
be proper to bring back bodies to the fame date, when¬ 
ever thecattfes, of what nature foever they be, which have 
drawn them from it, ceafe: and 1 had fuon al ter dired evi¬ 
dence of the irregularity not proceeding from the glaik. 

It was eafy for me to find the projjortion of the lengths 
of the brafs and the glafs, which, changing hidden!)* the 
water, which had the fame temperature as the air, for 
warm water, produced no difference in tl*e height h of 
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gradually diminifhcd the heat of the water, this point 
role little by little; that is to fay, the lamella of brafs pre- 
ferved a part of its lengthening, whilft the rod of glals 
eontnided itfelf to the fame point at which it was at the 
beginning of the experiments. After a number of limi- 
lar trials, which always ended in the fame manner, I 
went to work another way: when no change had been 
produced in the lieighth of the point, by the fudden 
change of water of the fame temperature as the air 
into warm water, I immediately put, in the place of 
that warm water, water of the fame temperature as 
the air, and in that cafe the point did not change nei¬ 
ther. 

It will not be ufelefs to mention here, that I had 
in my bottle a fyphon with a cock, by which I drew 
out the water without motion; and that I poured it 

in 




a a a, Mr. dk luc on 

t * * 

in through a long tunnel, by which means every thing 
remained quiet during the time of the experiment. 

By comparing thcle two obfervat ions together, it 
fhould teem, that when the igneous iluid is agitated for 
feme time, in fubftances, the particles of which have not 
that ftrong tendency towards each other which couth- 


iJtaftin-lMr. It nmdnres fome chanee in the arrange 
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the leaft claftic of all metals, is ftill more fubjedt to it than 
brafs, as I have experienced in my Thermometer made 
of it. Bolides, this feems to have an abfolute dcpendance 
upon that general law, that the lefs elasticity fubftances 
have, the lefs time is neceftary to make them take the 
bent one means to give them: lead takes it inftan- 
taneoufly \ glafs never takes it at all. A ball of the crumb 
of bread, which one fo eafily fafhions in one’s fingers, 
preferves its form when it is thrown with violence 
againft a plain furface; becaufe the fluid which confti- 
tutes its elafticity has not time to escape. Wood, brafs, 
and fteel, refift, but in the end give way. This effefl: is 
probably the fame with that which the humor produces 
in the bodies it penetrates, which by degrees like wife 
take the habit of their ftate; and this fo much the more 


as 



!e mains elaftique tie tout !e{ mdtaux, y eft encore beaucoup plus fujet que 1c 
lfton, comme jc l’ai vu dan# men Thermomctm fait dc cette manure. D’aiUeutt 
eela tm jaupit ie»tntr aWoltament dan# cc pMuomtSiw fi g&krab que moini le# 
mariere# out moint U feut da tons pour icur faire contra&er k pli* 

tfu’on User doane s k piomb U pread dans l’infiantj le verm ne bprend jatnaifi 
wm balk tie ode depido, qu*en faponne fi aifl&nervt entre fc# deigt*, coaffenrefla 
fiwme cabondtfiant, qaaad tm k jette avee violence coatre aae furfcce, wic. 
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as they are Icfn claftic: this is what made me chufe to 
make my Hygrometer of ivory, as I have already laid in 
my paper on that fuhjcil. 

if this conjecture upon the effcchi of heat in bodies 
which have little clalhdty lie grounded, w 1 think it is, 
clocks would gain fofiie more regularity, if in the eompo- 
fition of their pendulum, gUfs were tiled toll etui of Heel, 
and bell-metal in Head of bra Is; for thefe two fubftanccs 
being the moft claftic we are acquainted with, by uniting 
them wc fhoald be much Hirer of preferring the fame 
length of the pendulum in the variations .of the heat. 

There would be another finall advantage in nuking 


ufe of thefe fubftances, which is, tluii hell or mirrour 
-itjjtal, havhSg: the-Tame expanfibility as brafs, as Mr. 
i^ilthlr€*s ,: <femonftrated by his experiments, and glafs 


f r 
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having lefs than lied, the grid-iron would be fhortcr or 
more fimple. 

The proportion of the dilatations of brafs and Heel* 
being only as five to three, it is impoflible to compenfate 
the dilatation of the Heel by a jfingle rod of brafs; for as 
there muft be a leeond rod of Heel to go downwards 
again, there will be two lengths of Heel for one of brafs, 
for which a proportion in the dilatation of fix to three, 
or two to one, would not even ivifllce. One is therefore 
obliged to have a fecond rod of brafs, which goes tip- 
wards, by which means the grid-iron comes to be com- 
poled of nine rods, the two attending pairs of which are 
brafs. Thus then the lens, which is always very heavy, 
is born by, the top of one of the pairs of the rods, which, 
through the medium of a pair of rods of Heel, are them- 
felves fupported on the top of the other pair of the rods 

of 

I’acicr, on aurok vmc grille mow* longue ou plu* fimple. 


Le rapport ds* dilatation* tht letoft et tie 1’acier ciantfctdemcut de 5 il 3, il 
eft impoflible d,e coropenfrr In dilatation de i'acicr par un feu! rotour du ttton tie 
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fs. Now there mull he ibme flexion in thefc rods 
\{s the oh illations oS the jHiiuIuluiit) m 

the lens acquires a final! centrifugal force from 
id of one vibration to the other, and thus weighs 
:ntiy upon the rods. Betides, this net, elUt y ol tttrn- 
mk twice, increafes the total length of the rods, and 
nh»ht1v all the caufes of irregularity - On the con- 


»w 



of the flexion, muft contribute to incrcafe the regularity 
of the pendulum, independently of the greater regu¬ 
larity of the expanfion of the fubftances thcmfelves. 

As I have begun this digreflion upon an obje£t fo 
eflential to clock-making, 1 thall obferve farther, that the 
experiments I am fpeaking of are applicable to it in ano¬ 
ther refpeft, which feems to me hf ,f«$4RP ortance * 
Subftances of the fame denomination are not homoge¬ 
neous enough for m to conclude, that what has 
found in the one, with rcfpeft to their very delicate pro¬ 
perties, will always be exactly the fame in the other: 
and that, for Inftance, the lengthening of a certain rod 
of brafs hf heat, is an indication that every rod of brafs 
will have prediMy the fame l^gthening. My opinion 



ti|le» Cette <Ummutkm de toftgtteai'totale de* bt»nchw, et eelle da la flexion, 

»« F«'«« >«•* I* **«*•>» i*'" 1 ” 1 '- .“ * U 

ggaadfe, Wt w* t’, 7 * v * ■' 11 , '» ; 

• ; p^Hbue i# ifgreffioa for I’fcerfoger^;^ 

foml e ft qu* 'lit' dffitfetnay ftwtt japit lwl font a Pf^P» ' 

a „„ autre fen* qui me paroit «k qutlquc importance. Lc* tmtu if M&** 
mat le meme now, nc font pits after, hotnogSnes, pour quo d-m* lews pro- 

prict^ anc ’! 

uu’il en fora.exa&ewcnr dc mkm <k tonte* edies qut om.la mime^nom'matiou i 

•ft dtt’alnfi par ^ t0 P Jjll ^ 

cluleur, nous indjque Vatfongement 4e tout Icton par «Uc caufe., ^cr&is 
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nation of the two fubftances, which would preferve-the 
fame length to the pendulum between two determined 
temperatures. ' ■ ■: . 

To make this ftill eafier, it would be pofiible to con- 
ftruCt the grid-iron in fueh a manner as that its correc¬ 
tive rods being fixed by ferevvs, the proportions of their 
lengths might be changed, till the bell-metal perfectly 
compenfate for the lengthening of the glafs between the 
two fixed temperatures, of which I (hall fpeak hereafter. 
For there would be nothing to coned by this method, 
but the difference of expansibilities of the fubftances 
employed, comparatively with the mean expanfibility of 
fubftances of the farae denomination, which would have 
beeif ■by experiments made for that pur- 
pofe. 1 fhall refume hereafter this correction of the pen- 
, ■ . , ■ . '; v ■; ' T; 
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duliim, in order lo eo udder it in a point of view dill 
more important. 

t.now return to the comparative dilatations of glafs 
and brafs I mean to the experiments width 1 made 
in order to determine at. what It eighth of the l.nm-Ihi of 
brafs.the point was,,which llwuld remain unmoved by 
the; variations of heat. 

Thefe experiments, notwithftanding all my pains, 
turned our furpmingly irregular; and it was necdlary 
to make a great number of them, to arrive at any degree 
of probability^ in the firft place, the duration of the 
operations made the brafs take, what I have named, the 
habit of its (tate, which prevented it from returning 
$iat, . which it was at the fame degree of 
■ ■ heat; 


a cettfi corre£Ucn clu pern! tile, pour l,t confuJIrer foti* unc face |>to* important?; 
encore*. ’ 

jfe revieni '»«*■' tlSIWationi comparative* do verre tt *!u Men; cVfl ii »ltV, £ 
cei experiences pair IcfqucBes ]c eherclioU a tltormiurr a quelle hauteur s»r la 
tame dcitonfe trouvetolt 1« point tjui rdlcmii immobile par les vamik»n*.4e 
la ehaleur. _ ; ; "\ ' . 

Malgre tout &in*- quo jepri*, cei experience* fa trouvJrent il'ilnc Irr^go« 
lariffi furpremantes H hitt on Wen grand Bombre pour arrtver l dea 

rtofettt (in pen probabtjs* ’ DVtiord, la longueur det operation* fai'tblt toujour*; 
p«ri&.au Iton ce qtte jVt aj»ptll4 I'habitudc tic foil &Stj ce tjm Pcmplclioit. 
tie rcrewfljiahtmm a cclut ou ii toil aupaeavant par Ic ratoc itegrl declia* 

, 
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Iieat^: the quicker, however, the returns, the more re¬ 
gular they were; it will he therefore only from fuch as- 
were quick that 1 fhall hereafter deduce niv conclufions». 

Another difficulty 1 met with in my experiments arofe 
from the difference of the died of the different changes 
of the temperature. When 1 fuddenly changed the tem¬ 
perature of the water from 1 o° to 70° of the Thermo¬ 
meter to which 1 have given the name of common in my 
work upon the Modifications of the Atmofphere (which,, 
anfwer to 54”'- and 180*-of r a 11 ar. niif.it) a fomewhat 
left length of brafs was wanted to compensate the dilata¬ 
tion of the glafs, than when i mercafed the heat Ids; as, 

(<!) Since the writing of this I have been told, that the fame phenomenon is 
obfermi in the corrcfi'mg Thermometer of watches; ami that it produces irregu¬ 
larities which arc in an inereafmg prqgrdHon, 

for 


3cur (d), Quand m rctour* violent prompts Us etoient plus l^gulK.rs, Cc nc 
fi*ia done que dc eellcs tic me* obfervation* qui furent prompter, tput; jc tirerai 
ihttpris les icfultats pm!tables. 

Un autre ensbarra* que j’cprmivat dan* ces experience*,provint tic la difference 
tTeffct de* chaogememdifferen* de temperature. Qpaad jc portoi* tout it coup 
tatempdraturt'demooeaB de to" a ?o°du T'heruwmfce^'ueij’fft nppdlffrtw,- 
mun dans moo ouvra^c fur les Modification* de I'Atmofphdre, et qui co»tdj)OBd*|tfcr 
a 18t/l dc FAHRUMtiEiT, il me failloit unelongueur un peu ijjpipdrede ■ 

l&oafppttr «3»^j|ier %; dilatation du verre, qua lor%te'.j l a»tgnw£iitoi*,iiidm»ia, 

fjj |>i *$$th i)rpjt*<p« j’*i <erft ««C(, ijo'ok mmv « fhlaemisf dw k# Tii*r»<wwtMj cor- 

ge£tcurt••1«»'s’ '’l'' 1 ’ . 'M 

■ : ■■ "■■■• -i: «/..■ .*■ ■ diiljpp 
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to the proportion found by Mr. smcatox b>„tween the 
lengthenings of thefe two bodies by heat; whhh he has 
fixed between glafs and brads wires (which mdv.vrs to 
•ray milled brats) as tooto l had a point upon 

mv lamella of brats which anfwered to this proper! ion; 
that is, the lengths of the brafa and ghtls were at that 
point in an invert e ratio of theft ntimbers;- and this jxdut 
did not change feniibly when, in (lead of water nf r ,j , 1 
fuhftitutcd water which I poured hailing into my bottle, 
and whkhbsonght the Thermometer toy - < w 7 n . p nt 
when 1 only encreafed the heat to 40", this length of 

l train 



'''€»»»»J?»r«*citt|[sk tie ivPVtfo'’,-i tjufti Je nw Uoriiai- p#r b qae 
j'indKjucm. ; ’ 


l‘l«»:j*#pj»roeho« d& 1* clutbur de IV## iKmilhntc m fcrlMwtat 0 man < .m, p!«* 
,P itu! rappratliois da rapport; q«b neuve Mr. i m t a » <h mt*r It* ulloogerwent 
dv <vi daix oorp* pae L dmkur, iju'tl *lixe, (Wf !c tv-rfc ct 4a t-etwuiffe-i !» 
filidu- (rjul r^petul ft mm J&en kbrn^J eeunmi too » «?i, J’avoU un pnim 


Aw.tna Jantc <fe Mwap«jui cemfpori<J*i(tc« r** pjw*{'dVf! A dire *|ssc U» ton* 
gee,or* du Uum ct'du verre y tt,»icnt cn rdfoit itivcrie tic «>» nonthres j <t cc 
jioiftt life changcoif pa* fcnfitormctit -4c hauteur, qjtiaod jk fubfttttMM i fcatt <!e 
*° rt « fcftgjijp'jr verfoi* tauilhna. <ta»* it» lx»«tfetlk, e* q»i ,-pOfteit b Tfer* 
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for inrta : r o, li’om i o n> ro . n* v. m- n, 1 iov. c\ d 5 1 li - 
m if C <! mvi- il for a reathn 1 will i»vm mention. 

The more 1 approached the h-wr id boiling water in 


warming the water in my t p. rimer.;, tin- tun.or i came 
to the proportion found In Mr. .smkaton bu\m-n the 
lengthenings of thde two bodies by heat; wimh be has 
fixed between glafs and braid wires (whuh answers to 


mr milled brafs) as too to a31. 1 had a point upon 

my lamella of brafs which answered to this proportion; 
that is, the lengths at the brafs and gluts were at that 
point in an inverfc ratio of thefe numbers; and ?Hs point; 
did not change fenfihly when, iutUwd of wares of io\ ! 

■ tuted water which 1 poured boiling into my hot lie* 
fhivh brought the Thermometer to ? , orytV, I ut: 
1 only encreafed the heat to 40 s , this length of 
. : . f u brafs 





k <2c 1 o’ a 40% I qum je me bertM$- ptrU <p« 


jr JIW ho; , iUt s •; p >;* <]{i'4 If •UU' Ut. s MRA !*W Ciif.r I ; W . 

clc ca dev# 1*njuYi a fi», «tMfe l<? nm vt <l« Ulan t*r€ » I* 

Bliix (qul HmtvH) emm M n st,p» m j»l« 

lame dc '4sUw«fp«iSmt i n priori j eVft i dire qnc Uw hm* 

gitMWin <?u Icron ct du verre y iwicnr en ruftm inverife Ar ec* nombresj « ce 
j}0^p.ch®ngcoir ja# fcafibktwiw k hauteur, «{ww4 p fubJtUlttok & d* 
to% tki'Vauflue jc verfoii touillanu. .hm ,»* Indite, ft <gut peMIf Tho 
a pp » ff, MftUIwgyf f nMJgmtlpl*Invliairtif qnr gguh \ 
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bnib was not fuffident; the point infenfibly funk: 

I fpeak of the greateft number of experiments, for therfe- 
were fume contrary ones. 

Thefe uncertainties recalled my attention to'the par¬ 
ticular object on account of which 1 had undertaken 
my experiments; I mean my new Uvgmmetcr, on 
which, in order to com pen fate the edict of heat upon 
glafs, it was neceffary to produce this compenfation in 
the natural variations of the temperature of the air. I 
the ref >rc t:on fined myfelf within thefe limits; not indeed: 
predfdy within the lame temperatures,, which feemed 
too difficult, though it would have been better;, but be¬ 
tween temperatures nearly equally different. 

I will tint give a minute account of thefe experiments; 
be it fufEcient to fay, that from the difference of tempe¬ 
rature 


cette longueur <te leton no fuffifoit pas; lo point baifToit fenfibkrocm. Jc park 
4 vt plus grand nomUwdcs experience*; cad! y cn cut quclquefois tic contraltos. 

Yoyant ecs incertitude*, ]c tournai moo attention fur l objet particulier pour 
frprt jfmit «s experiences; ckft-4-dire moo nouvelHygronntre, od, 

pour compcnfcr !*«&': 1» chaleur fur 1c verre, jetfavois M»1» do prodrite 1 

cette eompenWoo tjm darts les variations naturcllcs <lc la temperature 
jo me reofttlHfti done dans cat efpacej non ptecifiiment entre les mdrpte.detep^- 
mures, cequi meparut trop difficile, tjuoique. c’eflt £16 le iwti* entre 

de*templraturei k peuprtsAbatementdiffikente*. ■ 

Jc m rendrai pas eompte id du dim if ccs experiences; H fuffira 3 c dm r 
par h ttf tt 40° cia mm fUtmmiltrfy h 
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■autrebetween i o* and 40" ot my l hermonictcfyfhc mean 
proportions of the dilatations of the brals and glafs were 
is at to to; consequently, I had need of a length of krai's 
,vhich lhould be to that of the gials in my Hygrometer 
*s 10 to af, in order to make up for the dihtubiluy of 
its frame? whereas it needed to have been from 1 o 
^ «. a in .the tranlation from water in ice to boiling 
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comparative cxpanfibilitios, or the proportion there is 
between the expanhbilities of bodies, whu h teem to me 
by this method to be reduced to an operation as Simple .\< 
it is conduiive. 

Firli - , with refpcA to the frame of my Pyroniete.n 
however rude it lie, I have hitherto difeovered no de¬ 
feat in it. A point of fulpeniion of the rods widt h 
preierves throughout the experiment its relative pod- 
tion to the Micro fcope, is the called: thing to obtain by 
means of this deal frame, which is not fenfibly aflfcdVcd 
by the ihiall changes in the air, -and is expofed to no other 
variation; and this is a great point gained when it is con- 
iidered, that hitherto frames had a fallible effect upon 
the indications of the Pyrometers; and that all that could 
be done, was to endeavour to obviate this influence. 

Again, 


cut ns les rxpanftbilitcs ties corps, cjui me paroitUint rcJuitcs pr celtc route a 
unc operation aufti tiinplc <|uu lure. 

D’tbord quant 4 'a numturc dc mcm Vyrometic, tjuclque grofficrc tju’elie foit, 
jc n’y at tiyuvd jufqu'A prefeat mcm defaut. Un point tie iufpcniion tics 
•branches, qoi conferva pendant I’expdrience fa,pelican relative it ccHc d»fMP 
crofcopc,cft la chofcla plus nilcc a obtenir par cctte mont.itre tie {aplni 'lef pcttts 
changemcn* dc Fair nc 1'aflefUnt point Icniiblcmcnt, ct u'etant expire A au- 
cuneautre caufe dc variation. Or c’cfl lu un grand point d’ubtetui, quand on 
confidlrtmontuws jefluoient fur les 

indications des Pyrftnltrtit,. ct que tout ce qu’on pouvoit &it% itok tie clierchcr 
4 en corrigtr leseffett*'-*: ■■■■ f 

Vot, lx viii. 1 ■' in . . 
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A* run, meafui'iT.i"!if will it felt’ alw.ivs be an on a lion 
of error more or kb confukruhle in phviu s, beeuufe 
our Micrometer:, are all impelled. It is true, nuked* 
that we are daily miproung them, and with great re a- 
fon, iince we arc obliged to me,time ulmoil every where; 
but it is not lei's true,that, not to he obliged to mcafure/is 
a great additional fccuritv. Now by this method there 
is no ncedUty for meafuring: all one wants is, to find 
a point upon the rods of different ilthlhtmcs thus fuf- 
pended, which neither rifes nor falls when the tempera¬ 
ture of the water is changed; and it is fulfil ient for this 
purpofe, that the Microkope do not vary during the oh- 
fermion. 

; ' .Astto the meafvtre of the lengths ot the rods, whole 
ekpanfiohs compenfote each other at this point, all 
pollible errors in this rdpedt are hitherto of no import. 

We 


Enftsitt, meiurcr, f«r* toftjour* ct* unc ocafion l‘cmur« pl«i m 

fte# Micromelic* rout toil* iinjHtrfwit*. On te» per. 
f^Hohric tous lei» jours il‘avaftt#£f;j, et 51 fe fattt |wtl«|uc mms J'ommrs 
oWige* dkiwsfUrer prefque jmrteut} nisi* ii nVn eft inoitn vim, ♦ju'Orc 
dUpenflbJc 'Hj«ftrfr'elt«i>egran# ;ftimi As plu». -Or«» I’dt tutakmcm par 
«tte incihiHlc. ' TWWW 4e* brandies dc roatidfci Uilft'mite* ainfi fof. 

ptvdmn, un point quf ii Mtym »« fie t'nfoiffe on thangeant la tcnipfrimm: tic 
Fcaupoft mm cc dont on a 'twftrlnj ot it fuf&t pour «Ja quo lc Mkrofcope no 
w>cpW*$»di* iju’on oblew. ■ " : p b ' - •' : . 

Qi'ant |^rn«(ur« tie la longueur del brandies dont lr* expsnfton* f# coitipw- 
; :fcot a ic fwjr jkjjud k* «mur» poffibk* m tent encore tlW 
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We arc very far from being able to perceive, in the 
quantities of expansions, thole diifcrences which might 
ariic from the imperfehion of this measure. 

One may take therefore a rod of Come fubShmee, glafs 
for inlhmcc, and put at: the end of it a convenient chip 
for holding other rods of different fublkiiux's: thus, by 
Separately comparing their expansions with that of the 
rod of glafs, by the position of the immoveable point, 
one will obtain the proportion of their expansibility 
with that of glafs, ami consequently with each other. 

Nor may Solids only he iobjected to thele experiments, 
but fluids alio: for by ertclofing them in a cylindrical 
tube of glafs, the expansibility of which is known, they 
will be as rods, which may be thus Submitted to the fame 

experi- 


cunr rnnlvtpicnce. Nous fommes l>i'.*n Inin tic pouvoir reconnoitre dans tea 
tjuantinV tics cxpanliom, les differences tpii pmtrroiciu rdtiUertic riniperic&iort 
da cettc tnefurc. 

Oil pouirst done avoir unc bramche tl'unt* cat nine manure, tie verre par excm* 
pie, A tun dei''teats dc latjtwik on aura ajuftc ime pince commode, pour y fixer 
d’antres branches dc diverfes mature*! ct coroparant atnfi idparement Icurexpan- 
fion awe celled# !» branche de verre, par la pofition du pint immobile, on 
auraScs rapports dc leur cxpanfibilitc avec cclle du verre, et parconj&jtent enti-e 
elks. • • ■ ■ 1 ■ : yd 

Co nc fera pas feulement les foltdea qu’on poerra foumettrei ces experience*; 
inais tes fluldcs. Car cn les ren formant dan® un tuy^u,46y»W'cylindrj<ju^ ; dont 
fcxpanfibilite fo.it co'nnuc, on «n fera com me des branches, qu’on pooffrt ainff 
■. ' "' iiia , 
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experiments, by means of a fmall opaque body float¬ 
ing- at the top of them, and to which the Microfeope 
may be pointed. I do not, however, infill upon this ap¬ 
plication of the machine; tin re the exp.mhun of li¬ 
quids may be obferved in vales, the dimension. oi'which 
are known, by joining cvlindrk al tube* to them, w hich 
render their expansions much more fentible. I Hull only 
ebfervcqthat from the knowledge of the dilatability of the 
tube, one ihould not reduce its capacity tow hat it would be 
if the ghds did not dilate itfelf, as is done with rdpctft to 
vales in order to know the true change in the volume of 
liquids contained in them; but that, on the contrary, we 
flb^rfldhere fuppofe the dilatation of glafs greater than 

if it had the lame expansibility 
as the liquid; and then diminish according to that pro¬ 
portion 


fon metti* »«xttiame* eqtt ricncf <•* en faifant flatter «t» petit corps q-wjuc k leur 
fwifaee, pour y potiite.r le Mtcroftnpe, Cepnodant je n*infifte pa* for crrttv ap- 
plicatw»de la nweirinet jrircerjue te* eKpart(ii»«iu!et( Ji<jui4» * pen van Ore <j|>» 
.letviet dmi-da vale* Amt mmmoh la tapadtc, en v jwignam 4c» tul*» cylio* 


tJricjwcsj ce«^ v »tt4lewc*|ranl'dn':.t«#«o«p plni ftnfiWe. Je icmartjumiitenc 
iboiement; e|%r*lf^ la corarolflancc tie la 4iUtability 4c !» 


asttite <iu ruyan, te etlcul fiKapacite, » w tju'elic ferou fr .It vent nc 

fitrlttttokpint,commeon le fait» I’egartltfc* vife* pour connuiire Ic changemtnt 
red 4a wJntm- des liqaWc* qu’ils eonitenncntj smsqu’nu cemrairc tl lawlroti id 
fupjKifcf «*t# capacitc plu* grande, en la jxjruat k c« qti'dte.icrdt, fi te verre 
* VOit la >«lafc#iqpafibiliM: qw: te liquid* j «t fittntmwr 4sn» eette proportion 
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portion the obfervctl lengthening of the latter: for in 
comparing the expanlion of a fluid with that of a folid, 
we mult; take notice, that we meafurc the change of 
hulk of the hitter, according to one of its three dimen- 
lions only, for which reafon the fluid mult he brought 
to the fame predicament. 

Air might alfo be fubjedted to thefe experiments by 
cnclofing it in a glafs tube by means of a final! column 
of quickiilver. But I cannot help being of opinion, that 
all experiments made on air endofed, will be found in¬ 
accurate, when applied to the air in general. The 
expan tihility of air by heat varies exceedingly, according 
to its greater oriels degree of humidity; and I know from 
experience, how difficult it is to encloie in a tube, air of 
a determinate dryuefs: but if it is more humid than its 

mean 


l’allongcment oWcrvfi do eclui-ct. Car pour comparer I’cxpanlion d’un fiukle & 
cciM’tm lblitle, ilfjiut avoir dgard u cc que mm tic ntefurens le dtangcmetnde 
volant' 4? «e» 4«ra»e»,; : qKje,feWa*« pae 4? Ivurs trpk diraesfkmts, ei <j«e 
parcoRfoqoOBUl isdtredpkc le fluklc a« memo cas, ' ,p- ' 

Onp«mrroft:«d5 foumettre Fair rocs niemes experiences, en le renfimnant 
dam le tube do verse par une petite colunnc de mcrcurc. Mai* jc ne' : pa!*jm‘em~ ■ 
p&cherde croire q#tr jc*. experiences fur Pair rnifennu krone to&jyuM *nexa&cs 
quand on jes appUquer*; fc.fair en general, iA-xpanfibjlWde I'ptr par la 
tear varic taueoup, fitivaat qu'tl oft phisou moim hu*idc; « : i)e'faw paro^,- 
hence, qu’il eft bicn difficile de renfermer dans on tube, dc Fair d’auc »• 
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mean date in the utmotphere, its cxpaniilnlity by heat 
will be greater, 

it is not impotiibU- tHat this m;tv be the rulim why 
Colonel hoy unit Sir t.Kouoi*. Mice Kin itt; tuuml .1 greater 
cxpanlibdity in the air cmloieil in their U.mounters 
than what I deduced from my obkri.itions in the open 
air. The bare dUUremc there U between tin; air of 
.London and that of the mountains of Switzerland may 
lie fuflk'ient to account for this effect. 1 helieve, indeed, 
that the differences of humidit y will be cantes of et ror in 
the Barometrical meafures of heights, in lone, as tin Jc 
differences iltall not enter into liter formula,*; and if was 
t^k coirrideration which fi 1 11 led me to think of an ily- 
‘ grometer^. 

(«) I /Imll I'crutn l<» tit;-. *m! rtc;it if nv'T'; in i\ paper 

upon Kd(uClu«n**j of whivJt i JImU 4t* K lu-tT.it'frr, 


As 



ticwrminfe OrCil eft. put ImnniU- «|iic fun rut moyen dam i’.itmbjdbrc, itm 
expapfibiliei' par !* chftktir fern jdu'. grmtriF. 


It pas impoffiWe fjue ec lie bit la la raifutt j*imi btpn-lle M' Jc Col. 
«ov eCMuis'Clicv, »HVC*fctK)*«tl o«r trouve a fail' «nltfw flan* kur* Mano- 
metre*, «*w cxpaafiblf it! 'grande qua cellc fjue j*.u deduite tin met n|xerv«» 

tbits dans 1’atr librej t* tlt&eroncc pcut-<hr# die fair tie Londrem tic wlu» tj«i 
(Javironnc Ic* tnontagnei dtefaiuilKr, petit pwJotre ert effeu je eroia tw'mr quc.ka 
dftftrtmcc* ifijuiRklitc fcrebrlfc* oiuf'ca d*<k»m dam In meftue# Ba.mmdriqt»e« 
dr* Salters, tant iju’on nc poorra 'pa.* fair# erttrer at* clffhettm dan* le#; for* 
*»uk» t »wiiC (ptl nf# fail cherchet «n Hygronbue («). 

i'O i }■• >'• 4 1m ffm te tiUwi j»ia- pmodiiifawm, 4««* m fat k% tUtWt.n,* 

iVl. ' ' ■ : ■ -'i : ' ” ' ;; '"'.V Quant 
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As to tlie differences of the condufions drawn from 
thde gentlemen's experiments and mine made in the 
open air, though they he conformable to the above-men¬ 
tioned difference, they may yet arife from another cauie. 

1 always obierved the temperature of the air with my 
Thermometer in open air, and in theSun when it fhone; 
whereas they obferved in the ihatie. As often then as I 
found the air warmer in the Sun, than I iliould have- 
found it in the ihadc, which was almoft always-the cafe, 
d pedally in the plain, I did not Hand in need of as great 
a eorredion as thole gentlemen for each degree of the 
Thermometer; iini'einthcffanicwarcumftancc.sthedegrees 
were more numerous in my obfervations than in theirs, 
and confcquently, with a lefs corredion for cadi degree, 
my wholeeorredion was equal to theirs. I will add, that f 

did 

.. . ... 

Qurtnt mix diiFm'nces dcs rei'ultats des cx jit-ricncca da ccs McAiours ct du; 
miinncs duns IVtr ltluc, quuitpic coniWtu<*« ;t la tlilUireni-c pmcdvnte, tiles 
pouitoitiU bicn venir d’une autre caufe. J’oblcrvois toujours la temperature <!e 
1'air avee mcm Thermomctrc a boulc iibltc, en plein air, ct au folcil cjiiand it l«i- 
foit; au lieu (ju’its I’obiervoicnt ATotwbre. Si done jc trtmvois fair plus cha»d : 
au folcti, quo je ne i’aurot* trouUi it J'oitiUrCj ce qtti ftoit prefquc tfiqjotyfA' 
cas, furtout A la plain?, jc n’avois pas befo'rn d’une fi grande corre&ion qtafees 
Meffieurspour ehaque degre dtf Thermometrc, puifqu’ila etoient j>to»:*diftbreux' 
dans met obfervations que d 
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did no* liufl that the dhc.:t ray*. of the Sun heated inegn- 
i,u ly Hu,' o,l il ; * of the hall of a Thermomen i \\ hen »loan, 
which may lie eafiiy Icon by looking at the v' jki intent- 
mentioned in jo r,6, 57, of the ieumd volume ot my 
work: tamicijuuUlv, when thefe direct ray?, act upon the; 
air, it is a caute of heat which IhmiUi nut tv tugUeM. 

I am Bill therefore of opinion, that it is hitter to oh- 
ferve the Thermometer in the Sun than in the. ili.uk*; 


and that lire correction for the heat of the air may 
hand Uu.:h as this method of oldening ree-nres it. 
There are always a£Ung caufes enough in the column 
of air weighing upon the inferior Barometer, \\ hit h can¬ 
not Ixi known in the fuperior datum, for 11s notm neglcdt 
the,ordinary caufes which nu) he perceived. 


Icltaufiiffcru IrHiguUe remora tc verre bwa net «kt h boulc d’un Thcmuj* 
m&trcj ce c|u'oa pomm voh aiflmcnt par ('experience r*ppor<«« <»ux p, $(> n $7 
du fecond volume <k tnoa otivrsge: tl aiftli ijrnmd ce* raymi* direct* sgiilhit fur 
r*ir, e’eft unc caufe d«ct»leur qui nc me fctnUlc pm devoir ore wgligte* 
jfc crab done toujours tjw'U eytivieiH mi«nnt d'ubkrvei k Thertawnenv «u 
kleii <|U*a lie hiifer h corre&ion pour l* clwlcur do fair ptopor* 


in d« cuafci egUhntsi dan* h eo- 


tiomiee k cere* inrthede* II 
, tonne d’airtjui pcfc immediate 
PWpKHtic s\ la fUtion fup&iettl 
cmakwroe* qui font ftilillkblu 


tk Bwomhre inflrieur, tju’on nc j*cut pan 
qu'm ne doivc m!g%« auuuic dc« auhi 




\ .. 
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It is therefore probable, that had I obferved ill the fam4 
places as tilde gentlemen with my Barometer, expofing 
ut the lame time my Thermometer to the Sun, I fliould 
have found the real height as well as they, without 
changing my rule; which already appears, I think, from 
my having derived it from experiments made in the 
fame place where Sir geo roe shuckburgh has made his 
principal obfervations. 

I will only add, that if, in the different opportunities I 
have had of trying my rule fmee it is fixed, it had 
conftantly given me the heights too fmall, as thole 
gentlemen have found it, even confidering what is above 
hated, 1 fhould have fufpc&ed with Colonel roy, that 
I ought hot to have taken out from the obfervations 
from which I have concluded my rule, thole which 1 


: H eft done afe probable, quo fi j'avois obferv£ dans les memes lieux que ces 
Meftwar* avec man Baromtee, et en esspolkit won Thermometre au lolei!, 
fauyou trbtwd comma c«x tea liiiiteota s^elk*, f*tu changer;im regies ct cVft 
ce qui <U§**«JR# ftmWa, de cc que J0 l'ai fpetac dVirft&iences ftitt* 

am U'mH&k ItybjftWP '<#«*. mvcKmmp* frit to principals* 

vauons. 
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made at Sun-rife; all which, aconling to thi> rule, give 
ihc heights too final). for it would then appear, that it 
a owing to act Went alone that Hit tx.-ptionsol'iliia kind 
happen'io Ik- at that precilc time of day; tH.it tiny are 
deviations ha lt arc MU to be cxpcUcil.til! more < ira.m- 
ftances have been*taken rtoticeof in the obfervanom,and 
hewequations arcintroduced in the loim.il.., ami that 
havim’ admitted the exceptions on tlu* contrary laic, 
onrhtto have left thofe in the bulk of my oWervations 
before 1 deduced the mean laws from them, which ivottli 
havebroughttSienlghcr»thecond«fionsdrawn frontSi 
sHUcovRG.fs and Colonel aortdbfervations. 







the reasons why 1 fufpeft the experiments made upon' 
air in Manometers, has obliged me to fufpend the expe¬ 
riments I had nndert alien upm the exp at (inn of woods, 
Thh method oi’ (hiding the relative expaulibHities of 
bodies may cai'dy he turned into a method of hinting 
their abfolutc expanfdfdities: for if one knows with cer- 
tainty the" fexpanlibnity of the rod ot ghdx !i > which all 
the'other bodies arc compared-, hr means of that, one 








Vyromelry and /Incometry, fee, 469 

fjj'ay upon the meafure of the abfolule expanjion of bodies 

by beat. 

Though I did not at hr ft intend to make ufe of my in- 
ftrument in the meafure of abiblute expanftons, I could 
not help making iome experiments on this fubjedt. 

Bolides the immoveable wire placed in the focus of 
the Microfcope, 1 had delired Mr, ramspen to put in 
another, moveable by a ferew: I then began, firft, by 
feeking the value of the parts of the Micrometer, in 
doing which the little fcale 1 had traced on the lamella 
of brafs was again of fervice to me. I had made it as 
exadt as I poffihly could; each of its divifions was the 
400th part of a French foot. The divided part of it was 

three 

Mfai fur la mefurt, da txpanfms abfilua dn terps far la thahur, 

Qyoiqtw jt ft* intention tfabord (^employer ram machine ft mefurcr Act 
a(ftnfmntabibim», Jtnp p*» & tenter quelle* exj^riencesfar ceto%t."; 



eneh indies in length, confcquently eonfdkd of 
thcle parts, that were, or were tlippofed to be, 

\ m then my Mu roiVopc at. full upon one of the 
;ies of the italic, the two wires coinciding, 1 
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enough for this meafure (and perhaps very exa^Sl) makes 
twenty turns for •™th of the Englifh foot, or one turn 
for of a foot. One could eafily diftinguifli the ef¬ 

fect of ~ 0 th of a turn; confequently, the inilTument was 
icniible at -^th of a foot, or about Tu (, V) th of an inch. 

Knowing thus the value of t he parts of ray Micrometer, 
I undertook to meafure the abfolute lengthening of my 
rod of glafs, which was of 18 Englifh inches;. and from 
a mean of four experiments, the refult of which differed 
very little, I found that my rod of glafs had lengthened 
7,5 turns of the ferew of my Micrometer from the heat 
of 1 o° of my Thermometer to that of 70°. 

1 fliall not make any fenfible error if I augment this 
number of turns in the proportion of 60 to 80, in order 
to obtain the total expansion which would be made by 

the 
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the paflaqe of water in ice to boiling water, that is, from 
o to Bo'* upon my Thermometer, notwithttantling the 
confideration of the different pmgfols of quhkfilvcr and 
glais in their expansions by heat, uhkh i diall ipcak ot 
hereafter; becaufe the two terms eh the ohiervatkm, 
I0 o ant | 70% are equfoMant from the two fixed points 
©f the Thermometer. 1 lliatl have then a thiul pait to 
add to the number of turns for the expanfion of i B 
inches of glafs paffing ■from the heat of water in ice to 
that of boiling water, which will make x o turns, or 6 - 

for the expanfion of one foot. : 

,: One turn' of the ferew being equal to fiwfh of a loot, 

mm* & - rf»f-»‘=■ -*» ° f hiA in « 

Is 1 prtdfdy what hail been found by 

J 'firfsMiATok :i 'Bwe»i:i', this lingular conformity may 

be 




SSlfcitiMwri d-#prhs p»r« §» h* temm 

(tai 10*« 7«% ft tmwrn k cg*if diAaiw* J< «*» deux poim* fine* duTtarr- 
mamteM* J’aum done da tiew 4 xjamcr «a wwn,|>«ir l *npn- 

■ fion de if owe©* < 1 # vewf, }»il*#*de t» didcurdc l'e*« duo* 1 * gta* & «ett» U 

tin tow da MfcromHttr^om i$* * t l*W* 6 f ^ *>’’■* ik 

B^doooueediM'iM Et voiU fM&mt m m W***#«m 
.ivmmw P« fes aperktttc. C&mdut mu eonformiti &»gal*er« powroa 

mi&ti v ? 
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be only accidental; for I do not believe that all glailes 
have an equal disability by heat. Their disability 
often appears different when they are foldercd; for it is 
no doubt owing to that, that-tire parts which are united 
when they are melted, often feparate when they grow 
cold, which docs not happen when the glai's is exactly 
the fame. It is pollible, therefore, that this apparently 
exa<St conformity was occafioned by fome compenfation, 
rather than by real cxa&nefs. 

I fold before, that the irregularities I obferved, when 
the gtafa and the brafs were combined, were not to 
be attributed to the glais, and here is a proof of it. 
When I had admitted the immoveable wire of ray Mi- 
•crofcope to a fharp point which terminated my rod of 
glafs, the water being at the temperature of 1 o° of my 

.V; ■ .• '■ Ifhermo- 
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Tit 

fhcrmomctcr, and that, after having heated it to 70^ j 
wrought it hack gradually to 10% the point either re¬ 
timed ex;u?Uy to the wire, or So near to it that I could draw 
10 comhtSion,from the Small djf : iereine ? a;;a'mi 1 the regu¬ 
larity of the return of the glnSk to its Same length in the 
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ever irregularities there might be in the obfervations, 
they would certainly arife only from the bodies that may 
be compared to it, and might for that realon be more 
ealily afcertained and determined. It has even another 
ui'eful property for fuch a purpofe, and that is, its being 
one of the leatt dilatable of all bodies, from winch *t 
would almoft always happen that it fhould be the rod of 
sriafs which would be fixed, the other being flioriu, 
which would prevent making any changes m the uppa- 

rattis 

Ghfi, as 1 have foul before, would likewife be an ufeful 
fubftance for the pendulum; fiuce one might depend 
upon the conftaney of the progreft of its variations by 
heat. , It is true, indeed, that its fragility would be an ob- 

^ontourmgitiucommon^ibutthe—, 


at — v. 

*> r r* l ' ,nw a,ot k "“' 

«*» paVIcufc pouv le 
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acvuftomed to rcfpcct his dock as well as nil his other in* 
liniments, would not he prevented by this eonlidcnition. 

U'his rcenkuitv ot the returns ol gluis to the kune 
length t»v the tame temperature in my tour expertinents, 
is likewtte a proof of the exactnels ot the intis unreal ; 
nml'if the value of the parts ot the Micrometer was well- 
ulccttautecl, one might be lute of the ahtohue expaihion- 
of the glals I made nit ot» 

1 dare not yet .be politivc that this is fi^ktauic the part 
of the lerew which meafnred thefe expan lions is not the 
f amc as that which meafttred the parts of my fettle. But 


for an-experiment which it fhonkl be necefiary to make 
only once, it would he eaiy to meaiure the expaniions of 
farts of the lerew, in the intervals of 
thofe tuniS-which .had ferved to mcafurc the pints of the 



I’Aftnmwmc, ftccoutumift t*fpt£kr fa pewtak comma 
govt fe* wotre* iftfttwnww, nc fcra p»* «rr$k par cetie canfakration. 

" Cetk t4gulant4*te* fewer* 4u ww Ila itkmc longueur par .la mime tempd* 
rsturc riant me* <jaatr« expfrkacc*, aft aeffi one preave tie I'cxattiwrie de fin* 
ftromtnt. INt4 la vihMMdea parries riu Micrometre imi Wen detareuoftc, on 

.pourwk ' / 

’"'■jane puis pas falfitttk owore, part* que la partk 4e l* d*<jw rnefura eu 
expaalion*, n’eft pa* k *»«« qws tdle qui nwAiroitIt*partial «l« n»n4ch*Ue. 
Mi4#%4lrak aife, pour ime experience qo’on nc. ferek obligl 4a hut qu*ime 
foil* lea cxpaaOont da vent par plaficar* partial 4a k ***» 4aa* f»o- 

ttmiie 4* g mefuter ki partita tie fcthclk, pour 
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fliale, in order, if the reiiilts fhoukl happen to be dif¬ 
ferent, to take a mean of them. In a word, for this one 
meafure one might nfe all. the precautions that are not 
grudged in a fundamental experiment,though one is apt: 
to neglect them in common vile. 

The ex pan lion of a certain rod of glafs might there¬ 
fore be thus determined; and by fixing to it afterwards 
any other fubftancc, in the manner which I have ex¬ 
plained, one would have, ,by means of the immoveable 
wire alone, their abfolute expansibility, free from any 
ienfible error occasioned from theinftrament* 

Notwithftanding that the expanfions of the glafs were - 
regular in my experiments-, they did not obferve the fame 
progrefs as my Thermometer in their degrees. Thofe 
of the glafs were always increafing, or its condenfations 

decreafingy. 


prendre enlVttc ft milieu entre le® reiultats, .s’ils etoientdiiRkcm. Enun mot an 
pourroit prendre dans ecus mefurc unique, routes les precautions qu’oii nc rc~ 
grctt«> ; .|^»4s#fwP®y^l , ^W8foP<3 as n e n' : a 1 « : > mats qifon neglige € ailment dans • 
rvifage ordinaire. ' ■ V ,,■ _ ;^ v ' ^^ ^ g... 

On dctermincroit done ainfi Iftxgaafioo d’vmc ernainc branche <!c verre, 
d’apres laqudle, cn attachant enfuite a cette branche route autre mature comma 
jeTai explique, on auroit, par Ie fil immobile feul, leur c^panfibilijuf abfolue- 
cxempte de mute frreor prpvan*nt (ft I’inUrumant. i '■ 

Quoique ft* esfanfions dn verre ft trouvaffentj^ulieres 4|ft» pcs expe¬ 
riences, die* ne fuivirtwi pc* la n»«*« ftura d|p||} i( . 

piles du verre furent todjours c^oifWeijOu ft* condenfations deergj^^es, 

' 1 ■' •• .. ■; : ' ‘ , 

■ v 1 ■. ■ - - r.eaxwtK ■ ' 
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denvaling, compare i\« h, with thoie of the quiekCdvcr 

in the The! mnmeUT. 

Having nhierved tin. ; pro i t <>. tit • !. >.> rv clearly 

in my three liril e\peiinujui -, 1 :• ii t Y* Sail to the 

purpofe of afecmhdng it, and for thk real on 1 made it 
with the greateft tare. 1 Iir11 ot all adjuded the Miiro- 
feope to the* point at the extremity of the glut’s, the two 
wires coinciding, and the water being at to : 1 after¬ 
wards changed this fir It water into warm water of 70% 
and was obliged to move the rooveahle wire 7,0 turns 
of the ferew 10 reach the point. 1 then cooled the 
'water progrciUvcly by 10" at n time, and thefo are the 
proportions of the condenfutions of the glafs as they 
thtftttrtveablewirc regret lively, 31, sq, 
26, 24, aa, 19. Thefe are twentieth parts of the turns 
of the icrcw, the fum of them makes 7,6 turns, by 

which 

■ ■■ 

con^aratlvemetot I Mile* da meraire Jans Sc TiicrmomJtrc. 

Aymi remanjal mte marcSw 4 a yerre Worn; manioc t>£* fenftbfe darts met 
trots p«a»tore» experiences, je dinged latjuatmme yers Sc but dc !a dcicmtincr, 
« jc fckfltttai'pour ceto avee to plus grand foin, J'ajuftai d’abord Jc Microfcopc 
fttf la pointo qnl'IfeSbA ( tto|ttriinUt du vent, to* deux fil* ctnineuiant, ct Pedis 
i-tnnt ,1 10": jc changed eftftiUe cette pretnio’c can en de J*c«u ehamk l 1 et 
' mwuvolrte ft! mobile de 7,6 tour* do la vis, pour attendre la pointe, 

rcffoltlis reset de io“, « void Ics rapports c!c* arodenfatloa* du 
verity le fil mobile to* indigo# cn rorogratfam t gi t 39,26,34,33, 19, 

Cc Jo at ties ao«* 8 do U)UW dc la vs- j Scur i*.-utmc fait lr, ;/> tour? ik>«u la m 
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which the fcrew had got forward; and it is this one, of 
my four experiments, in which I laid that the return of 
the glaik to the point from whence it had let out was 
perfectly exatt. Thefe numbers arc feniibly in arithme¬ 
tical progreiFuui; but i do not pretend to infer from 
thence, that this is the true law obfervcd by the condenfa- 
tions of glafs, compared with the condenfations of quick- 
filver equal between tliemfelves; to affirm that, one 
fhovdd have examined the Micrometer, better. It j$ 
evident, however, that they are confiderably dccrcafmg. 

I rauft mention here, why l choie to obferve the com 
denfations of glafs in water fueceffively lei's heated,.ra¬ 
ther than its dilatations in water fueceffively more 
heated. It is becaufe by this means l brought the water 
with much more certainty to an uniform temperature.. 

If 


s’etoit avanecc; ct deft cello dc mesquatre experiences ou j’ai Jit, que ic rctour da 
vetre a fon point dc depart fut parfaitement cxa£t. Ccs nombres font fonfiblc- 
ment cn progrcJlion arithtnetique; mm jo no pretends pas ett conclure quo cc 
fort Ja k 1 vraiyM rpte- fuivent lc» condenfations da verre, comparativement k des 
condenfations du metture dgalc* entr’cHeij il faudroit pour eda avoir inienx 
cxuiMni 1* Micrometre : ; cependant oil voitau itfoins ' k*i<s c ceftitode qu’dles font 
confiddrablement decroiftantes, •'. • ■ . .. ' 

"."Je.tloU; .fains mention ici dc la titfon pour hquelle j’ai prefer! 

werm; dins', i’ejftg fucceffivcfnent moins chawdc, plaint qws'fes 
dilatations dans l’eau fucicefttvemettt pit** dhaitde. Cell q«e par cette voye. 
j’ameiiois beimeoup plus ferement mon can I tine tempSrttotis unifownc. * . ; 
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If you pour warm water upon, water that is Ids warm, 
whether it be that the firit, being lighter, remains at 
the top, or that heat defends dillirultly in water, or 
from both c aides united, certain it b, tint: there may be 
furpfixing differences between the top and the bottom. 
My Thermometer, as 1 faid before, was'hung in Hu In a 
'manner that the hall of it was near the middle of the rod 
ofglafs* When I poured warm water llmviy upon water 
that 1 was left warm, it fometimes hapjKnal that the 
Thermometer cMrsot vary till 1 had mixed them. I tried 
to convey warm Water to the bottom through a pipe; hut 
.It ihith^ately rofe: and if the Tfcteftilty^er did not 
to be upon its amending ffream, itttiU.io(e very 
wavsnequihtc to ilirthe water before the 
Oh the contrary, when I poured 

water 
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water Ids, warm upon warmer water, it was fcarce necef- 
fary to il;ir the mixture: before 1 had done it, the Ther¬ 
mometer, had ahnoft quite fallen to the point of the 
mean temperature. This therefore is much the fafeft 
method for all operations of this kind. I had already- 
experienced it in the companion of Thermometers made 
of different liquors, which 1 have mentioned in my work 
above quoted. 

By operating in this manner I was fore to have given 
the rod of glais the degree of heat indicated by my 
Thermometer; and I repeat it, without alluring that 
the numbers above written give us the true law of the 
condensations of glafs Comparatively with degrees that 
are equal among themfolves upon the Thermometer, 
their difference is too great, and too regular not to point 
out a progrellion feniibly deereaftng. Here 


fur Beau plus chaudc, je n’avois prclquc pa>* helbin d’agitcr to melange; avant 
tjuejc IVuiro fait, ie Thermometre avoir bailie pv’Cfjuc cntwrcinunt au point de 
In temperature moynino, 

Celt done la methods la plus fure de ljeaucoup pour toutes ks operations de 
ce genre. Je I’avots deja eprouve dans la contparaifon de* Thcmtomnrcs de 
differentes liqueursdontjVr park dan* mon ouvrage cite eUdcvant. 

En operant done de ectte manicrc j'itois fdr d'avoir cmmiiuoiqui 1 ma 
tranche de verre la chaleuv qu’indkjuok mon Thermomitre. Et jc le rdp&tc, 
fans affurfcrtjue ks nombres rapportetci-deffus nous donnent la vraie loi des con- 
denfations du verre, comparativement & des degres egaux. entr’enx fur le Ther¬ 
mometre, leur difference eft trop grande ct trop regulisare, pour rw pas indiquer 
«ne progrellion fenfiblement dteoiffante. . -l^Mi 

Vojl. LXVill. Maun . ./<>• 



Here then is a fecond mftance in thefc experiments 
alone, of the difference there may he between the laws 
that follow in their progrds different ellUU of the fame 


caufes; an object very important in natural philofophy, 
anti to the elucidating of which I dedicate the leeond 
part of this paper* 
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P A R T THE S E C 0 N TX 
QbftTvafhns upon pbyftcal mcn/um. 

MOST of our phyfunl inft run tents arc mcafurcs of 
cifetfts. The prog re is made in natural philofophy, cn- 
ereafes every day the number of thefe mcafurcs; or ra¬ 
ther it is by the cncreafe of them that natural philofophy 
has been fo much improved within a century, and that 
it (till continues daily to improve. In proportion as its 
different branches cncreafe or extend thcmfelves, wc fee 
the catalogue of our meters cncreafe, Initead of continu¬ 
ing to he fads Bed with perceiving, with conjecturing, 
with'forming fyftoms upon what is improperly called the 
pofillde, and is in fad the land of viiions, we endeavour 

to 


$ K C O N D K PAR T 1 K. 

Rmmqutt fur la Mtfum Jihjfipm, 

LA pi Apart dc no* machine! de phyfique, no font quo tk* mefurn tPefttu, 
Le perfeiBionncintnt.de la Phyficjue tagraente tow* lei.jours le nornbre de eel 
mefuretj ou;pl«Whf deft par letir augmentation que la pliyfiquc a Mat $8gn£ 
dtputi un firek, et qu’elle gagne encore chaque jour: nmn voyotis daccroitre le 
catalogue./dp no$ mkm , & meiurc qae fes diverfa branch#!.fe dlfdoppent et 
a’ettadent," Peu contests aojourd’hm d’appercevoir, de ;C 0 *^ed«r#pde fairedes 
fjftimc* dam de qu'on appelle improvement le poffibfo,; «t tjai if eft queji 
legion del chimcre*,. nous etttreprenon* de dccouwir lei eivfc* par Icur* cflks, 

M m m a ' 
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to- invert igatc cnr.fo through their cities l>y nwafuring 
t j v .j‘ r v.hcVCVer nature give;* ui> n htUu unt hold, in order 

rut tit IkmK'* > ivt d hy tvmhkuHt ,( d 

The fit d imv ■> ol t hi > light, the d.ut n c 1 ailtim. know** 
l c 4j, c in ph’dofbphy, were extremely uo«k. At lull, 
pliilofophen were latisficd with having iniltumaUs 
which Indicated the exigence of certain ‘'antes that our 
organs could either not tHtlmxT at all, or di.ftoveicd 
very imperhaiy. 1 fence the nuMl names given by the 
foil inventors to their inftrumenta. They < died only 
Bafoleopes, Thcrmofcopes, • Microfcopcs, thole inltru- 
ments which were intended to fhow the weight of the 
^ the dilatation of bodies by heat, the objedb Which 
efcaj^d then^ed cyc« 



tn-mefwotticeujt.ei, partout m la nature nou»<fe»nctjp^«'prifc, pour «*ctto 

pat trompft par dc* \ 

I^cs premier* rayon* tic «ttc lumterr, *j«i« talent 1'aamre <kt vraye* connoif- 
fancc».'«,^yfi«|'t*»T B rM* icPabord uia foMri. On lie iremva t»«n content 
(favoir <J®» ; ;a»Mae»'4ial. ftffient uppereennr furcmtM fcailtencc tic «erume« 
«uic*» que not organe* few!* *w pouvoknt tUcouvrk, m w. tlecouvroiant quo 
ties imparfaltcment. : foe ti le* tkiwaaimttott* mtxlefta que ki pkimer* Invei*- 
'tear* donnvrcnt a leurs rrwAhws, 11# ft^pptikrent -tjac Barukejw*, Thermo 
ftopei, ■Wicrufcoi**, kur* increment tkftini* ft'oiontrer, k peubtfo r«tr»..J* 
diktatiw.tjte* corp* par la clutkur, les ebjet*. tjui eehappent k }& iret&. 
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Thefc names were too foon changed, in calling mea- 
fares what: was not yet jfuch; hut we every day become 
more delicate with refpedt to the conditions they require; 
and the prog refs made towards perfecting them, are the 
mod effectual Hops which have been made towards the 
knowledge of Nature; for it is they that have given us 
a diigtdl to the jargon of fyftems, founded upon mere 
hypothefes or deceit ful appearances, the confequences of 
which, were fpreading fail into metapliyfic s, in which it 
occaJloned general eonfniion. 

The improvement, of phyftcal meal lives does not only 
lead us to a better knowledge of the immediate caufes of 
the cftc&s thus meaftired, but it aflifts us in decompofing 
complex efib&s, and efpecinlly in <li I covering and deter¬ 
mining the funnltaneous effects which 1 ill all hereafter 
name the co-efFedts of the fame caulcs. 

When 


On a clam*/ trop t‘*i la terminatfon do ecs nows ctdc Wen U’atnirs fcniWaWcs, 
cn qualifuiat 4c mj'm » <|ui m fltoit point encore, Mai® chatjtte jour on 
derient pfu* d&tcat fur let condition* qu’clte* exigent; et let progrit vers leur 
perfe&son, font let pas'lee plus rfrfs qn’m alt felts vers la eonnoiffitneedel#* 
'TSkwm car ce fpntceux qoi ofit le ploicoardbal'l nou* digouter <!u jet 
fyftetne* fondfe fur dc* hypothefet ©u ties apparence* trompenfet, dodt^#*^* 
queneespaflbient en foule dans la Metaphyfnjue, ct y boulvcrfoienetett*. 

Le pcrfefUonatsment dcs Matures phyfiquc ne noua* condole pas unkjaement • 
i to)C«x' connolirc'liisefe^fe# immediate* de* eflets 8 J«>»*! nous aide 4 

..^Scompoftr let effsts eoroplsxe*, et furtout » ’ -et dfctiittincr lee «flirt» 

."j lpnai taq.^ que.jo nommerai dan# la fuite le# co-cffcts des mcmcs cstuljM* 

1 ,, 1 ,| h*1 

‘ „ . 1 . ;;$$$$¥! "■" ■ 
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When from cxperiimnts Sometimes very nice, we 
I'Kivc nttured ourfeive* that two or move clTechs con- 
tbutfly go together in return relations we may content 
uurlelvcs with observing the nioti evident of them, 
ami depend upon the exigence of the others as if they 
were immediately observed. 1 his leads us iiom 1 elation, 
to relation to the dill every of operations of Nature which 
before were entirely hidden; and nothing can be more 
tifeful to man, than Sometimes to examine, how he rea- 
foiled upon thole, objects before he was guided by 

experience. , ■ . ■ 

Thefe inftanccsof the connexions of effisXs,difeovered, 
and afterwards mcafured one by the other, are now be¬ 
come fb frequent in natural philosophy that it would be 
ufetefstoinfiftupon them; and indeed when oneamfiders 
our physical instruments, one may fee that the greatest 

part 


p»r deiwtphieneai, fouvenilret 4l!k«r*, bow mm fomtwe* ftflurc* 
£jae deux ou plafleor* effew tnatelittii KiQjttiir* tnfcniUlo stem certains rapports, 
nous potreon* now container d'obfcrvcr le plus evident, ct compter hit IVxiftencc 
lies autres cotnme s’ils hot«tt imt»£diat«neiu manifoftr.; t-c qui msu* conduit, 
de rapport «tt rapport, I tWcouvrir As o|rfr«iou» tie la Nature, tjui avaot ctla 
nous ftoient cntfiiremwil wttAm at mn n'cft pins lilctihire il’Homro#, tjuo 
dtexaminer cjucitjuefal* comment If en raifoonoit avint tflt ot# fcours, 

Ln excmpics dc cw liaifont A’effitu, dtowverta,« mefurO tnfuitc ie» on* par 
Its autres, font aujotmFhui ft multiple* dans St PhySJtjoc, Wl inutile 
MniHkt Mt.ps point; ct tjuaml on confitSire iu&sm P«*ftaW« de ®*» reteWne* 
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part of them arc intended only for the difeovery of co- 
c fleets, by the knowledge of thole which arc more evi¬ 
dent. Our fearch after new mcafures has like wife the 
fame etui in view, if we with for an Hygrometer, an 
Electrometer, a Photometer, it is lefs with a defign of 
arriving by means of them to a knowledge of the 
abfoiute or relative quantities, of moitfurc, of elcCtrie 
fluid, of light, than to endeavour afterwards to conned 
the perceptible effects of thefe caufcs upon our mea- 
fares, with other Ids evident cifeCts, but which depend 
upon them, either as feparatc co-effeds, or as modifica¬ 
tions of other effects. 

With all this the general problem of phyfical mea- 
fures is a complicated one from the firft outlet. The 
firft objed of all thefe meafures is to know the exigence 
of a fimple caufe and of its degrees of intenfity; and we 

have 


4 c pliyfique, on volt que lc plus grand nombre n’eft deftine qu'ii determiner dc« 
co-dfcts, par la eonrioslTiince de eeux qut font lc ptu* dvidens, LapWpart attffi 
dc no* mdierchcidc nouvattes mefurcs tendent I css mime tot. Si nous siefiron# 
un Hygromitre, un Ele&romitre, «ti Photomitre, e’eft taoins pour eonneatt% 
en lei obfemnt, lex quanthd* abfolues out relative* de I'humiditi, da duidedlec- 
triqoe, dc la lumilre'j quo pour travaillcr enfuitc & Her Ics efFctis ividm* de ce* 
caufea fur nos mcfurcs, 4 d’autrw dfeu tnoios evideni qul en dependent, oa» 
..Conotne co»«ifet»fipari*,, oucomms modificationsd’autre* efieis. 

Cependant Je problem© glnlrai des mefere* pftyfiqoes' «sft.vctbspl{qa£ des Ifbh 
jjyeaHSr pai, ' Conaoitre, I’ofifence ftme caufc fimple ef fc» degrt* diattnifd* 

.. ... / ■■ ifit 


have ■nothing hi ohm-..: at. if, but tuc e keels which tlm 
tautc produces upon other bodie >, which, fur t : lie moil 
pair, do themklvc; eo»q*ri.hentl a great number of 
other e.mius. We can never theuibiv, o! nerve ctlvcU 


abfoluteJy fun pic; aiul loidequunily, k-niibiu elfcdU 
which are equal amongit themfclvo, do. not point out 
degrees likewife equal amongll thunthlvv* in the carafe 
t» which they are attributed. What, for mttanoq are 
our nteafures of heat? The dilatations of bodies. What 
our meafures of ihs weight of the air? Thu height of 
the quicklilver m the Bcarom«ter. But the dilatation of 


forks quantity, as tor tire law of its progression by equal 


dc route* res mcfiirn; «t nooi n'avonf pmtr y nrrivcr, 
ceft6'<awf« fur ecmiiw tom, «u‘j d^Ja rox>mOner rtnftr* 
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by the nature of the vacuum in which it is fufpended, 
by the attraction of the flat's, by the friction, perhaps by 
the permeability of gktfs to fbmc particles of that mixed 
fitful to which we give the general name of air, or by 
various other cuttles that are equally unknown to us. 
The fame holds true with regard to all other phyfical 
mcafures; and this fir it Hep of the ladder, by whielt we 
ftrivc to mile ourfelves to the knowledge of caufes, is 
already very didicult to afeertain. 

The fecund, however, is much more fo, linee it de¬ 
pends upon determining the co-diefls of the fame 
caufes, either in the lame or in different bodies. Thus 
when we fhall be poffdfed of an Hygrometer, we ihall 
endeavour to find out what chef Is this humor, whole 
prefence and degrees will be indicated by the inftrument, 

. ■ produces 


dcgr£* tic ch;tintr tie «• ('upside, par 1st nature du vuide d.tm torpid "t! eft ful« 
pcmJu, pat* l*«ttra£Uon -du verre, par 5c frottement j cr peut-etre encore par la 
pcrrn&hilitj du verre & rjuclrpjcs part task* de ec tjuc nous appellom cn general 
fair, ou par d’autre* caufos rjus wtm font egaktnen* ineoitmtc*. 11 cm eft do 
rn&roc de toutci lot RUtrcs' jsielure* pfsylltjuMj ct ce premier dels cl ion , par ferjuel 
'.nous cherchon*' a nous, clever a tacoittiniftaiu’c des caufc, eft dcj.t trei difficile H 
bias afturer. • , . 

Mass k ftcond feft biers advantage, 11 confsftc I, determiner les ctt-dTcts tie* 
rnfimea eaufes, ou dans ■ !c* menses corps, ou dans de* cprp* diffdrens. Atafi, 
ejuatsd noos aurons un Hygrousetrc, nous chcrchcrons at favoir tjtsci effet pwduif, 
.far l’y voire qui itollonge, fur Ic* fcl* doist lc post!* augments:, fur to dfssfttdde 
.'.-Vo u LXVIII. h an ... .. 1V,P 
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produces upon ivory which lengthens, upon falts wliolc 
weight increafes, upon the denfity of the air which 
varies, upon its falubrity, its refringent power, See. 

But even when this is done, we 11 mil be erabaraffed by 
the degrees of thelc co-effe« 5 ts; probably they will not all 
increaie in the fame proportions as the dilatations of the 
ivory, or the augmentations of the weight of an abforhant 
body; and a great many experiments will be neceffary to 
difeover the laws they obferve by .the different intenfities 
of this common caufe. 

It is notwithftanding upon relations of this fort, that 
every thing depends in experimental philofophy and in¬ 
deed in all true philofophy. Confequently, the perfect¬ 
ing the mefhpds of determining thefe relations muff 
be a principal object with all good philofophers. I will 

not 

Fair qui varie 3 . fur fa falubrite, fur fa vertu refringente, cette humor dont.Ia 
prefence et les degres feront indiques par Finftrument. 

Mais alors encore les degres dies co-effets nous embarrafleront: il ne croitront 
pas vraifemblablcment dans les memos rapports'quo les dilatations do,Fy voire* 
on les augmentations de poids d’un corps abforbantj et il fauclra b.ien des expe- 
• riences pour decouvrir. les lobe qu’ils fuxvent par les difierentes intcnfites de cat® 
caufe commune. . *'•/ 

C f eft cependant a des rapports de ce genre quo tout fe reduit dans la phyiigua', 
experimental?, et par cela memo dans la bonne phyfique fpeculative qui ne ft 
paye pas cfavtoots. Par confequent le perfedtionnement des metpour,de¬ 
terminer ce$ rapport^ etre undkft objets dc la,plus.gar^e- 
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not enter into the methods which lead us ftep by ftep 
to the difcovery of the correfponding progreffions of co- 
effeCts of the fame caules: it would be too difficult to 

generalize them whenever one went beyond that funda- 

/ 

mental principle of all fcience, found logic; and, what is 
the heft prefervative againft precipitation, the knowledge 
of the weaknefs of bur organs and of our under- 
ffianding. 

. But it is not always practicable to trace in all its 
points, the curve that is defcribed by a feries of cor¬ 
refponding phenomena; and we are often forced to con¬ 
tent ourfelves with conlidering as proportional in all 
degrees of intenlity of the caufe, fome relations that have 
been either obferved or found by experiment. This ex- 

r \ 

pedient one is likewife often reduced' to in practice, in 
order not to complicate procelies without reafon. Thus, 

for 

fidens. Je nc rdarreterai pas a celies qui condnifent a decouvrir pas a pas les 
marches correfpondantcs dcs co~effets de$ memes caufes: il feroit trap difficile tie 
les generalifer des" : 'qu*on voudroit aller au de Id dc ce prinetps fondamental de ■ 
toute fcience, une bonne Iogique; et de cc pretervatif centre la precipitation 
la connoiflance de la foibleffe de nos organes et de notre intelligences , c 

Ivfaisil, deft pas toujours poffible de tracer par tons leurs po 3 nts>"l^ddntbes 
qrie d6crivent 'les {bites des phenomenes correfpondants ;‘ r et Font elhlbnfent reduit 
a fe cpntenterde : :reg4i$de'r commc proportionnels dapa; tods' les/degres d’inteiifite , 
r de la eanfe^" 'obfervSk'o&tr&uv## fexperience* C’eft 

, ; >j&;'^xj)£drbntiiSqdei: oddft'fe pins Ibntdttthreduit'' dansla' l piratiqtie > pour 
xenigilqaer l^fii|r<jcedc 5 fans avantage* . Ainfi dans le Pendule, comoie dans mon 
v'’: ' ^ ' N n n a ■ 
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for inftance, in the Pendulum and in my Hygrometer, if 
one would take notice of the different laws which fol¬ 
low, in their dilatations by heat, the fubftances whofe ef¬ 
fects one means to compenfate the one by the other, be¬ 
tides the difficulty of finding thefe laws, the application 
might perhaps throw us into mechanical complications, 
that would deftroy all the exa&nefs we want to pro¬ 
duce by thefe means. 

In general, the fixing of laws is fcarce ever the firft 
ftep taken in new difcoveri.es. One begins by eftablifhing 
by experiment forae fundamental relations, and one con- 
fider afterwards the correfponding points of the pheno¬ 
mena as being proportional, till be degrees, overcoming 
the difficulties, one becomes to grow familiar with what 
one ufed to look upon before as great ftrides; and one 

perceives 


Hygrometre, fi l’on vouloit avoir egard aux diffcrentes loix qtie fuivcnt dans 
leurs dilatations par la chaleur, les matieres dont on chore he a compenfcr les 
effets les uns par les aotres; outre la difficult^ de decou vrir ces loix, on fc jetterok 
peut-etre dansdes contplications mecaniques, qui detruiroient toutc l’exa&itudc 
qu’on vouloit chercher par ce moyen. 

£n general, dans toutes les nouvelles decouvertes, les premiers pas font rare- 
nient des fixations de Loix. On etablit quelque rapports fondamentaux par l'ex- 
perience, et 1’on regarde les autres points correlpondans des phenomenes, comme 
proportionnels a ceux la; jufqu’a ce que, furmontant par degre les obftacles, on. 
fait parvenu a fe familliarifer avec ce qu’on regardoit d’abord cbtnoie de grands 
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perceives that there are greater fteps that may and ought 
to be made. 

It is ufeful, therefore, to confider in what manner one 
might with fome fafety mark out thefe firft fketches of 
the laws of Nature, by finding the particular relations of 
the co-effe£ts which might be applied with leaft error to 
proportional feales. It will be contributing to bring for¬ 
ward the moment in which, feeing clearer into the na¬ 
ture of things, and having learnt to diftinguifh real 
knowledge from what has only the appearance of it, we 
fhall be led to feek for exa&nefs in every thing. 

A prac - 


pas, et a fentir qu’il faut et qu’on peut aller plus loin* 

II jefl done ayantageux de confiderer, comment on pourroit tracer avec quelque 
furete ces premieres efquifles des Loix de la Nature, en trouvant les rapports parti- 
culiers des co-effets qui s’appliqueroient avec le moins d’erreur a des echelles 
proportionnelles, Ce fera accelerer le moment, ou, voyant plus clair dans la 
nature des chofes, et diftinguant bien les connoilTances reellcs, d’avec ce qui n’en 
a que Fapparence, nous nous fentirons conduits a chercher FexafUtude par- 
tout., ' ' , 
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A practical method of approximation in the determination 
of the co-ej/ecis of the fame caufes. 

It has been thought hitherto, that in order to leffen 
the effects of the, errors which are unavoidable in obfer- 
vations and experiments, one ought to look for the rela¬ 
tions of the co-effe£ts at the greateft poffible diftances; 
becaufe in that cafe the errors being divided upon a 
greater fpace, each feparate part is lefs affedted by them. 
Thus, in order to find the relation of the dilatations of 
brafs and fteel employed in the Pendulum, one would 
willingly expofe thefe metals to an artificial congelation 
and to the heat of boiling oil, that, by meafuring greater 

lengthenings, 


. Moya pratique it approximation, dans la fixation des rapports des co-effets des menus 
• ' ' ■ taufies . . ■ 

On a imagine jufqu’ici, que pour diminucr Ics effefs des erretirs inevitable* 
dans les obferyatipus cities experiences, il falloit clicrdier les rapports des co- 
effets auxplusgrandesdiftances poffiblesjt parce que ceserreursfe divifantfurun 
plus grand intervalle, deviennent plus infenfibles fur chacune de fes parties. 
Ceft ainfi que pour trouver le rapport des dilatations du leton et de l’acicr qu’on 
employe au Pendule, on expoferoit volontiers ces metaux a ,une congelation arti- 
ficiclle et a la chaleur del’huilc bouillante; afin que pouvant mefurer de plus 
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lengthenings, the imperfection of the meafore might 
become infenfible in the determination of their relation. 

This method is indeed very good to compare with 
each other effects, the progreffions of which are propor¬ 
tioned; and one is right to make ufe of it whenever extent 
or weight is concerned. But it is often very deceitful in 
phyfics: for as the co-effe6t$ feldom go by proportional 
degrees, the more the obferved points of their relations 
are difhint, the more the deviations become confiderable 
ill the intermediate points, when they are confklered as 
proportional to the whole. It is thus that two different 
curves, which cut each other in two points, deviate the 
more from each other in the fpace comprized between 
the two interfeCtions, the more diftant the points of in- 
terfeCtion are from each other. Now the correfpondent 
points, taken by obfervation in two feries of phenomena 

which 


grands allongemens., l’imperfeftion de la niefuredcvlnt infenfible dans la fixation 
de Ieur rapport., 

Cette methode feroit tres bonne pour comparer entr’eux des effets qui auroient- 
des marches proportionnelles; et on l’employe avec raifon quand il s’agit de 1’etpV,. 
due, qu des poids: mais elle eft le plus ; fouvent fort trompeufe en Phyfiquey-Cfer, 
des que les co-effets marchent rarement par degres proportionnels, plus les points 
obferves des rapports font diftans, plus les ecarts deviennent grands dans les 
points intermediaires, en les regardant cornme proportionnelsau rapport total.' 
C’eft aiiitfi que deux cqutbes^tfferentes qui fo crOifeM;fttt; ! <|e!d*'pbintSj s’ecartertty 
ePautant plus I’une de l’autre dans l’intervallc des deux interfeefions, queees- 
pointa de rencontre font plus eloignes.- Or les points correfpondanspar oHierva- 
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which follow different laws, are the interfedfions of the 
curves; and the errors we make in the intermediate re¬ 
lations when we confider them as proportional, are 

i 

like the deviations-of the two curves in the interval of 
the interfections. 

-The efiedt then intended to be produced by taking 
very cliftant points of comparifon being, in general, to 
accumulate within the intervals of thefe points the de¬ 
viations of the laws which happen to be different; much 
will be gained,, in thofe cafes in which the laws them- 
felves cannot be difeovered, by feeking for points of 
comparifon within the lead; diftances that the particular 
obfervations, for which the phyfical meafures are in- 
l§|!i<§ed, will allow. 

It is thus that we have happened to have ufed for a long 
time Thermometers of quickiilver and fpirits of wine, 

in 

tion, de deux fuites de phenomcnes qui fuivent des loix diflRrentes, font les intcr- 
fe&ions de ces courbes; et les erreors qu’on fait dans les rapports intonnetliaires 
enles confiderant comme pfoportionnels, font commc les ecarts des deux courbes 
dans l’intervalle desjlnterfeffcions, 

L’effet de prendre des points de comparaifon fort cliftans,etant done en general, 
d’accumulerdans' : 11n^y4lede'cesl' points, les ecarts des Loix qui fe trouvent dif- 
ferentes, on gagnera beaucoup, dans les cas ou l’on ne pourra pas decouvrir les 
Loix elles-memes, a cherdier des points de comparaifon dans les moindres 
diftances que puiftent com porter les obfemtiona ^articulicr«s LauxqueUes on 
deftlnerales JVIefures phyfiques. 1 . J; 

■-C’cft ainft qtte^par c> n a ou longtemtf des Thermqroqfttr de 

•.(' ’'hitmereure 
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in which the difference of the progreflions between thefe 
two liquids in their dilatations by heat was not obferved. 
Mr. de Reaumur’s Thermometer, one of the firft to 
whk li one endeavoured to affign fixed points, was too dif¬ 
ficult in its conflrufdon for .each Thermometer to be 
immediately graduated; .and indeed the author himfelf 
only ufed his method in making ftandards to which the 
Thermometers intended for common ufes were after¬ 
wards compared. Abbe nollet, his difciple, who for 
a long time gave the ton for Thermometers in France 
apd in the Southern countries, followed his mafter’s 
method. The only immediate point he marked upon 
his Thermometers was that of freezing ; and he com¬ 
pared them afterwards in water of 30° of that fcale in 
which the real interval between the freezing and boiling 
points ought to be divided into about 1 oo°. By this me¬ 
thod. 


mercure et d’efprk de via ou ton ne remai quoit pas les differences de maiclie de 
ces deux liquidcs. Le Thcrmometre de M r de reaumkr, tun des picnucrs 
apxqueh oa aitteate dedponer dps points fixes, difficile a confirutte, ^ 

pouf que-dsaque etre gradue Atdfi 


lui-mSme n’emplojoit^l A fair* des ' auxquels iUj 


Xqfy pjyftjjte les Yi^^tpetres deftinds aux ufages <«du>aires, , 
fo* difc^le, qui .pendant long terns a dqnnfi fc 
^F^pe s qae daqales pap.^etuliorw^ jgm& de fg@ 4 


'-CQjag^ln,}: et f les co^rcapenfuite dans.de M a 30° de/cettc 'echellp .li, 
I^Aero 0 environ,, dififoient l’intervAlte r&st de laYdiigelation. a l’eau bg«0Ke. 

tMt- txvm..’ ‘ fb«» **■ 
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thod, and at that period in which natural philofophy 
was ftill very inaccurate, one did not obferve the dif¬ 
ference between the progreffions of fpirits of wine and 
quickfilver; and in fa& it was eafy to miftake them. I 
have fhewn it in fpeaking of thefe Thermometers, and I 
fhall have occafion to fhew it more fully very foon. 

This doubtlefs was a defect, and a very confiderablc 
one, whether we confider that the Thermometer is in¬ 
tended to indicate degrees of heat, both much larger and 
much fmaller than the interval between thefe 30°; or 
that it is a molt capital inftrument in natural philofophy, 
and as fuch may he ufed in experiments where the leaffc 
defeats may have fenfible confequences. For thefe 
l.qjily mention this cafe, as an help for me to 
explain what 1 propofe to fay upon other inftruments in 

which 


Pat cettc methode, tk dans ice terns fa ou la Phyfique ctoit encore fort peu exa^ 
•n ne remarquoit pas la difference des marches du mercure et de l’efprit de vin, 
1 c l’on pouvoit en effet s’y meprendTe. Je Pai moirtre en traitant de ces Ther*- 
mometres, etje le montrerai plus parficulierement bientot. * 

Cetoit la fens derate xm grand; foit parce qne le 

Thermometre eft defti«€ i indiqncr des degres dc cbaleur bien pirns grands et 
bred moindres qne Fintervalle de ces 30°; foit parce qne e’eft nn inftrument 
£ondam«n&l en Phyfique, qui peut etre employe a des experiences ou le moindre 

$ as, que poor m’expliquer 
* plus 


slefeutauratilcSeffett fcafibles. Auffi ne rapportS-ie 



Pyrometry and Areometry , Sec. ■ 499 

which a greater degree of exa&nefs would be either 
ufelefs or impoffible. 

Simple and evident as this principle is, yet, as it often 
happens that obvious ideas do not ftrike, even becaufe 
their being obvious gives them a trivial air, I will 
ftrengthen this by ufeful examples, and one offers itfelf 
to which I have been led by the foregoing. 

Suppofe one wants to know the dilatations of {pint of 
wine by heat, in order to have regard to it in eflaying the 
fpirituofity of vinous liquors, which is wont to beeftimated 
by their fpecific gravities; an article as every one knows 
of much confequence in the brandy trade, and which has 
likewife fome connection with chemiftry: I fay, that one 
would make a confiderable error if, in order to deter¬ 
mine the relations of the dilatations of the brandy with 
the indications of the quidkfilver Thermometer, which 

fhould 


plus aifement dans ce que je me propofe- de dire fur ceux ou une plus grande 

Quelqne fimple ct evidente que foit cette regie, comnie 11 arrive fowc&t que 
les idees fimples ne frappent point, precifemcnt a caufe cle leur iimplicitequi Iewr 
do&ne un air trivial, je fortifieraii par des exemples utiles® Et cn voici 

un tFabord, auquei Pexemple, precedent m*a conduit!. , • 

*' Je Sfafpoft qtfon viuxlle connoitre lea dotations 4® 

leur, afiii d*y avoi/ egard dam'la vineufo^ ^ 

•ftimee par ieur pefimteur fpccifique; objet important an commerce confiderable 
des came tfe trie, et ™ jK» 

ecart, fi, pour determiner le rtippdtt 4ft$ dihtfcafioiis de Peiprit de via, svw !«#■ 
;j®dkitions du Thermometre de mercure, quiferviroit enfuitea marqaerla tern- 

° o » * r & ““ 
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ftiould afterwards mark the temperature of this liquor, 
one was to take terms very diftant frbm each other, as for 
inftance the freezing and boiling points; whilft on the 
other hand, by keeping within the temperatures in, 
which the trials Ihould be made, one would come fo near 
die truth,,that' the differences would be imperceptible. 
This inftance,, in itfelf ufeful, being proper, to be ap¬ 
plied to every cafe in which we wifli to compare with 
one another -phylical effeds which depend upon the 
iame caufe y tliar*wn.' niaf afterwards judge of them alb 
by:onfe, Ifhall dwell ttpon it a lltde^while to give a full. 


explanation of if. , 

IVI foppofe^that the experiments intended" to eflay 
: I#! different- liquors diftilled from 

wine, by the fpecific gravities of them, are made be¬ 
tween. the temperatures which anfwer to 3a 0 and 77 0 


pleasure ■«&; tsetse on-prenoit deatemses fortdloignei, coiatpito • 

tion et l’eau bouillante: tandis qu’ati contrairfi,, en fe tcnfermafit danslenten 
perames-ot^Ies £pfeims.feroicnt faitea, on apprcclierort fi fort dc la vurite, que 
W feroient , -• •• jf-b ? < 

Cet exeniplc.yykijii par lui-meme, et pouvant et«6 applique & 

■■ toute forte de cas 6u t’on eflets phyfiqnes depen (fan ts.dfune 

inerae caufe, pour juger enfbke de foil# gar- un feul, jc m’y arreterai afin de le 
roieux dclafrcir. ' ..,b : 

Je fopj^sferai que les experiences deftin&s aeproaver- lea degress de fj*r«tedit© 
des diverfes ■iJq^eqrs diftiUees du vin, parley pe fen tear fp&sfique, f« feooteotsfe 
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of Fahrenheit’s Thermometer* as this takes in all the 
ordinary cafes. 'The queffcion is, to examine which is the 
moil convenient method of introducing into this me®- 
fure an equation for the differences of the heat; an 
equation I mean which does Hot occafion ufeiefs difficul¬ 
ties. 

j Thefe temperatures and ?y° upon Fahrenheit's 
T hermometer* correfpond with Cr and 20° upon the fcale 
of which I have hitherto fpoken, in which the boiling 
point is at 8o° and the freezing at o. T Tpeak of 
this fcale, becaufe it is the One l made ufe of in my ex*- 
periments on the progreffions of liquors diftilled from 
wine in their dilatations by -heat, and of heave 

given an, account in my work abovementioned (i K 

* (4 VoL I. p. 326. 

• * ‘ Lfuppofe 


B.ENH.EXT, ce qm renferraera, tous les cas ord makes* II s’agit done d’examiner 
«pelie fera la route la plus convenable 5 pour introduce dans cettc mefure unfc 
^nation pour les differences do la chaleur, equation qni n’oeeafione pas de trop 
d#cult£s, fans dans Ja-p|iat|f^ * s * , *> 

, teqj^ptuses 32°, <£ 7# 

dent,a © et 20 ° fiu; PScbelle dont j’ai parie jafij’ici, .©&1’eau bcwaiUante c^.a 8.0° et‘ 
J’W jcbtil la g]bce a o. 1 J’employei&i eaoorp eette echellej pa*ee t $usc’eft ccllc 
dont je me fuis fervi dans les experiences que j’ai faites a,a*jHoi$ f$rla marche 

t-im. » j j<n %j > /> c4»«f Ui 4'xoa!tJp. {zb * * 1 **■’ - f ", 1,4 

msfa* ( Je 
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I fuppofe that, according to the ufual method, 
feeking for the dilatations of the fpirituous liquor by 
great differences of heat, one was to compare its bulk 
in ice that melts and in boiling water, and that not know¬ 
ing, or not regarding, the different progreffions of this 
liquor and quickfilver in their refpe&ive dilatations, 
nor the effeft which the difference of fpirituofity pro¬ 
duces in this refpedt, one fhould confider thefe progref¬ 
fions as proportional. Here are the deviations one would 
be expofed to in the limits of the temperatures to which 
the rule ihould be applied, I mean between o and ao\ 
The numbers which are placed in the two columns of 
the fpiri^ous liquors indicate the proportions of the 
of their bulks by the temperatures indi¬ 
cated by die quickfilver Thermometer. 1 have given to 
the total fcale of thefe proportions the fame number 

of 


. . . .. . . .H i m.. mm . ****** . mm . .. *m*m ... ... .. 

*1 ,y , 

: Jc fiippofe tfabord q»e fuivant l’ufage ordinaire, dterchant les dilatations do 
h liqueur fpiritueufc par de grande* differences de cbaleur, on compart fes 
volumes.dans la glace qui fond et dans 1’eau bouillantc; et qu’ignorant ou negli* 
geant la difference dc marche de cette liqueur et du mercuic dans Icurs dilata¬ 


tions, ainffq&s que predate memo a cet egard la difference de fpirituofite, 
on regardat ces*«ia*dhes comme propqrtionellesj voici les ecarts dans Iefquds 
on tomberojt, dams les- ! lunate* des temperatures ou l’on appliqueroit la regie; 
o’eft a dire de o a 26°. ** 

colonnes des liqueurs fpiritqeufes, marquent 
ie vtdu^c tsar les toojpfciatures iodiqu&*-|isf 
I* total* «jd ce» rapports le 


Lesnombrcs places dans les deux 
la rapport® de Icurs augmentations 

» ■•**** 4aki ?!L JSLmv. . i. u, , . JS-iliiklu. alt 


Jo Thermom! 
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of equal parts as to the Thermometer, in the fame inter* 
val of temperature, in order that their differences within 
this interval may be vifible without calculation. 


Quickfilver Therm. 

Spirit of wine which 
fires gunpowder. 

Brandy, of 2 part* 
fifigra #nd 3 of tk« 
fpixit of win#. 

Bo 

80 

Bo 

120 

16,5 

* 5,9 

15 

12,2 

11,8 

IO 

7,9 

7>7 

5 

3>9 

3,8 

O 

O 

O 

One fees what deviations in general arife from the 
<iiftance of the points of comparifon when one comes to 



apply 

meme norn^re do parties egales. qu’a celle du Thermoraetre dans le meme inter- 
vallc de temperature, afin que les differences en dedans de cet intervalle s’apper- 
^oivent a Foeil fans calcul. 

Thermometre demeremre. 

So 

Zfprit de vin qai brute 
la poudre. 

go 

. * ^ 

Tau dcvie fame de a parties tk flegma, 
fisr 3 parties decct efpnt de vim 

80 *,1 

♦ 

ao. 

, *5 

’ * 7 ' * ' *" 

< , * va 

1 * ^0 j ‘ i ( 

^ 4 fr 

26,5 

12,2 

7,9 

. < p 3 *ge < 

?»*'■> i 4 , *L' t 

t(> , 9 1 J.U! 

^ t v 

*S>9 {+ » ^ ^ 

** “ vfgl 


OsToit^tjeb hearts nfoltent m general de 1* diftance des points 


1 * 

I' 
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apply -them to tlia temperatures in which one precifely 
wants the moft exa6t proportions. One likewife may 
fee that the difference of fpirituofity only, occafions very 
fenfihle ones in the progrcliions of the two fpirituous 
liquors, and that confequently one would commit a dou¬ 
ble error, if one were to confider the intermediate rela¬ 
tions as proportional to the total relation, eftabliflied 
between quickhlver and one qf thefe liquors, only by 
obfervatiops made in very different temperatures. 

If, on the contrary, the fundamental experiments had 
been mad^ ft the probable limits of the obfervations, 
that is at o and at ao° of the Thermometer,haying then 
y^ dilatatign^hetween thefe two temperatures, of the 
lienor whi9& ferved for the experiment, there 
be only thefe fmall deviations, exprefled by the 

comparifon 


..-...---—--™-----—.. f h . . ... 

A* * 

Taifon, quand on vient & les appliquer arax temp£ratu*:e«- qu, l*oa avoit befeta 
precilement des rapports les plus exads. Oft volt aufli que la difference feulc do 
fpiriat(>%4 trb fenfibles dans la marchc des dfeux liqueurs fpi* 

ritueufesj et que jgr eonfequent ont toeftberoit doublement 4«!BS l’cricur, en 
regardant ces rapports- intermediaires comme proportionnejs an .rappoit total, 
■■etablx entre le flje|dare efune feulc 4§ ces liqueurs par des obfervations a de 
grandcs differences de temperature. v 

Sr au contraire #n cut fait les experiences fondamentales aux bmites probables 
des obfervations, e’efta dire a o et a acf du Thcrmomctre; aya$t alors la dila¬ 
tation reelle, entre' ces deux temperatures, de la liqueur fpiritueufe qui eut fervi 

w " nombres 
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comparifon of the following numbers, in which the total 
dilatation of the fpirituous liquors is again divided into 
the fame number of equal parts with that of the quick- 
filver in the Thermometer. 


Therm. 

Diiat. of fpirit of wine. 

Diiat. of brandy. 

20 

20 

20 

IS 

14,8 

14,8 

IO 

9) 6 

9)7 

5 

4)7 

4,8 

o 

o 

O 


The feries of numbers which exprefs the dilatations of 
the two fpirituous liquors remain in the fame proportions 
as in the firft cafe, and confequently this is always the re~ 
fult of the experiment. But thefe proportions come al¬ 
ready 


nombres fuivans, ou la dilatation totale des liqueurs fpiritueufes eft encore di¬ 
vide en un metne nombre de parties egales, que cellc du mercuie dans le 1 her- 
momltvc. 

The tot Mat. d* I’efpm vin, Mat, de l’eau dc vie. 


20 

*S 

20 

s 


20 

20 

14,8 

34,8 

9,6 

9,7 

4,7 

4,8 



Les fake? des nGfabres, qui exprinaent les dilatat?@np, / ^4l^ti , i ue ' Jrs f Pj* 
rkueqfes reftent dans Iesmemes rapports que dans le prequer £3?} et par 
quent e’eft toujours le refultat 4® ^experience. Cependant ces rapport^ 
i¥ol. LXVIII. * P P P 
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ready fo near to the progrefikm of the qnicklilver Ther¬ 
mometer itfelf, that the efffeSfc of the differences of the 


fpirituofity almott entirely 
be little error in taking as 


vanifhes; fo that there would 
proportional to the total aug¬ 


mentation of bulk 


at ao° of a certain liquor diftilled 


from wine, the intermediate dilatations of every other 


liquor of the fame kind. 

It is poffible, however, ftill to leffen thefe errors, with¬ 
out having more than two terms of comparifon by ex¬ 
perience, by taking thefe terms within the limits of the 
probable obfervations, and that for two reafons. The 
fir Ay that the more numerous obfervations will probably 
be macle nearer the points where true proportions, have 

bUn ^ that the greateft 

deviation will be ftill more leflened, by throwing part of 
the errors beyond the two real points of comparifon, in 

order 



fi pres de la marche du Thermometre meme, que 1’effet des differences de fph 
riwofite s’evanouit prefque entierement; et qu’il y auroit peu d’erreur a regarder 
comme proportionnelle a I’augiriehtaUQn totals de volume a 20° d'une certair.e 
liqueur diftillee du via, les augmentations intermediates de toute autre liqueur, 
du meme genre. : 

On peut cependant diminuer encore ces erreurs, Cans avoir plus de deux termes 
de comparaifon par ^experience, en prenafit ces termes en dedans meme des limites 


des dhffbktibns probables; et cela par deux conflddwtiodfr. Lapr4ifeidl* qaiie le# 
obfervations les plus nombreufes fe trouveront probablement plus pres des vcais 
rapports ffxds pat qw le pirn grand ^eart diminuera encore. 
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order to leffen the accumulation of them within thefe 
points. 

If, for inftance, inftead of obferving from o to 20° 
the increafe of the bulk of the fpirituous liquor which 
is to ferve as a rule, one obferves it from 5 0 to 15% one 
will have the following proportions, in which the pro- 
greffion of the two liquors ftill continue within their real 
proportions, as I fhall fhew in the fequel. 


Therm. 

Diiat. of the fphlts of wine. 

Diiat. of 1 

20 


20,1 

*5 

IS 

IS 

10 


9)9 

s 

5 

5 

0 

Oj 3 

0)3 


It 


•cm rejettant une partie des erreurs au dela des deux points reels de comparaifon, 
pour en diminuer l’accumulation entre ces points. 

Si par exemple, au lieu d’obferver de o a zo° Taugmentation de volume de la 
liqueur fpiritueufe qui doit fervn; de regie, on l’obferve de 5 0 a 15 0 , on aura Ies 
rapports fuivans, oil les marches des deux liqueurs reftent encore dansleuis pro¬ 
portions reel/es, de que je montrerai dans la fuite. 

Therm. Dihit. de l’efpnt de vm. Dikt. de l’eau de jrie. 
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It is evident then, that there is no longer any fenlible 
error arifing from the differences of fpirituofity, which 
is already a capital advantage in the cafe propofed as an 
example; in which, fmee what one wants to know is the 
degree of fpirituofity of a liquor, one cannot fuppofe it 
known before hand, in order to have regard to it in 
feeking for it. One likewife fees in general, that there is 
fcarce any error to apprehend, even in confidering the 
augmentation of the bulk of thefe liquors, or the dimi¬ 
nution of their fpecific gravities, as being proportional to 
the indication of the quickfilver Thermometer. 

Here is then tne method in which,, according to this 
principle, I would conftru<5t the comparative Areometer r 
that » one as might be made the fame every 

where. I chufe this example becaufe it will afford me 
other applications of the general rule. 

Project 


On vok done qu’il n’y a plus d’erreur fenfible refultante des differences de 
lpirituofite; et e’eft d’abord un avantage capital clans 1c cas propofe pour cxem~ 
ple, ou, cherehant k connoitre le degre dc fpirituofite d’une liqueur, on ne peut 
pas la fuppofer d’avance pour y avoir egard cn la mefurant. On volt auffi en 
general, qu’il <fffreur a craindre, mcme en regardant l’aug,. 

mentation de volume de ces ifqueuas, o&'fehr diminution dc pefanteur lpccifique, 
comme proportionnelles a l’indication du Thermometre de mercure. 

Void dlapres ce principe, comment je conftruirois- l’Areometre edffiparablej 
e’eft-a-dire fcelui qu’on pourroit faire de memepartout. Je choiiis cet exempli 


parce qu’il me: 
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ProjeSl of a comparable Areometer „ 

I would ufe an Areometer of the moft common con- 
ftru<5tion w . It is an inftrument nearly refembling the 
glafs of a Thermometer; that is, a tube with a hollow 
ball at one end. The property of this inftrument is, that 
it finks the deeper into liquids, the more their fpecific 
gravity decreafe. But that it may become a common 
meafure of this fpecific gravity, certain fixed points and 
determined degrees muft be afcertained upon it. 

I would make this Areometer of glafs, as being the 
fobftance which undergoes the leaft change of bulk by* 
heat, and the changes of which are the moft regular, at 

(f) See fig. 3. and its explanation. 

leaft 


Jdie d'un Areometre comparable. 

J’etoploierois la forme d’Areometre qui eft la plus commune (f). C eft un 
inftrument st peu pres femblable au verre d’un Thermometre,, c’eft a dire com- 
pofc d’une boule creufe, et d'un tube qui lui eft joint. La propriete de cet inftru— 
meat eft de s’enfoncer d’autant plus dans lbs liquides, que leur pefantew fpeci- 


ftque eft moindre, Mais pour qu’il devienne une mefure commune df F* 
fanttur fpecifique,- il faut qu’il ait des points fixes et des degres d&ermines. 

- Je le ferois de.venfe}' comme dtant la matiere qui 4propW|l^moi|as de change- 

tncRt dans fop *duine par la clialeur,. et dont les.d^nge5^.|piit { les plus re^u-; 

1 1! - - 1 ' 


ffj Voyca U fig. 3. tt fan explication. 
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leaft of all the fubftances which are not affected by hu¬ 
midity. I would always ufe flinf-glais, that its changes 
•in this refpedt might be more uniform .in all the Areo¬ 
meters. 

Its ball ihould be one inch and an half in dia¬ 
meter, .anchthere Ihould be at the bottom of it a little 
shpllow cylinder, which Ihould communicate with it, and 
contain the ballaft, in order that it might be able to keep 
•upright, at the other end, a branch fo much the longer; 
which will be eafxly underftood. This ball lliould not be 
very thick, any more than the fuperior branch on which 
,its divisions fhould be marked. The different thickncfles 
of this branch, that is, its different external diameters, 
|hedifferent fenfibilities of the inftrument. 
The lefs the diameter will be, the more will the Areome¬ 
ter 



liers; du morns entre lcs matiercs que l’hun«dtt;d n’afte&e pas. Cc vcrre feroit 
toujours le flint-glafs, afin quc fes changcmens a cet egard fuffcnt plus uniformes 


jfe donnerois a fa bottle un poude et demi de diametre: et elle aurok a fon 
fond un p'eot’cylindre ereuxqui cotomuniqueroit avec elle, et renfermeroit le 
left; afin de-foiivtiraiaintenjr de bout, au cdte oppofe, unc branche d’autant 
plus longue; ce quWfentira JSe ferois cette boule peu epaiffe, ainfi ' 

que le tube fuperieur, ou la bfafcdte gftt htquelle les dmfrona detroieot etre mar- 
qiMtil ' Les diffirentes epaifeurs de cette branch®,: 'c*»i:'l : dite' : fd 4 'diffe«snsdia- 
nretres extdrieurs, feront les differentes feftfibilit&de l’kfbnun^: plus fbo dia- 
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ter fink by <n equal augmentation of the fpirituofity of 
the liquor. 

Un lei's Ibe branch be perfectly cylindrical, the mea- 
fure would be irregular. It may be a thin hrafs tube fil- 
vered over, or a filvcr tube, cemented to the ball of glafs. 
Such metal tubes are eafily drawn through holes as 
wires; fo that one might be fare to have them cylindri¬ 
cal. The dilatation of that tube by heat, befides that it 
is too inconfiderable to he taken notice of, would com¬ 
bine itfelf with that of the liquor, of which I fhall fpe'ak 
hereafter. 

I would ballaft the inftrument with quick filver, in or¬ 
der to have it always hand upright in the fame manner; 
and of this I would put in fuch a quantity that the molt 
fpirituous liquor, being heated as much as it can be in 

the 


metre fera petit, plus I’Areometre s’cnfoncera pour une meme augmentation de 
fpirituofite de la liqueur. 

Cette branche devroit etre parfaitement cylindrique; fans quoi elle intro- 
duiroit de l’inegularite dans la mefure. On pouria la faire d’une tubede cuivre 
argeate ou d'argent, fort mince,, cimentl awe la boule. On fait fort bien ces 
petits tuyaux de metal a la filicre; ainfi on feioit lur-de les avoir cylindrique*; tt 
quant a l’effet qu’y produiroit la chaleur, il pent etre compte pour fi«4 . D’ail- 
leursil fe combiaera avec celui que produira cette caufe fuy la .liqueur, et dont je 
j»rlej»jjCtfapres.^ ,, SIJ t-'Mi 

‘ 1 * Ie %^ 

HpjA m$mft maaiercf et je ^y.njettsojs m <£$&» qpaatite, qoe la liqueur. 

ffjtittteafe, 6chauflee autant. qu’eUegoaira l’etre dans les experjenc 

^ 



I ufln 
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the experiments, may let the Areometer fink nearly t*; 
the top of its branch. This branch fliould at the fame 
time be long enough that the lefs fpirituons liquors, 
wine for inftance, reduced to congelation, may let a fmall 
part of it be immerfed. 

The inflxument being thus prepared, I would take 
fome weak fpirit of wine dilated with one part of 
water on fix parts of fpirits of wine which fires gun¬ 
powder or linen which is fteeped in. I would then 
determine the fpecific gravity of this fpirit of wine at 
the temperature of io° upon my Thermometer, or 54^ 
of pahrenheit’s, by means of a very nice hydroftatical 
balance. This liquor, undetermined at firft, and which I 
' fiiould 'dtdionly Weak fpirit of wine, on account of the in¬ 
termination of the fpirit which burns linen, will be de¬ 
termined as foon as a firft Areometer fliall have been 

conftrufted 

1 HW ..- ^ — 

foncer PAreomctre jufques prts du liaut de fa trancheJ qui devroit ctrc en merae 
teids affez longue, pom* qua la liqueur la moms Ipiritncufe, Ic vin par exemplc, 
leduit a la congelation, en lailsit encore enfoncer unc petite panic. 

L’inftrunient ainft piepare, je prendrois un efprit de vin foible, compofe d’l 
partie d*eah$t|ijj6 forties d’cfprit de vin qui brulc la poudre, ou qui enflamme 1c 
riggadont i Jfejla p&amt fpeclfiqUe de cet efptit 
dff qu’il | ^|a,,lW3jJ^ratMre ttf de mon Thermometre, ou 54I 0 

de gdur cettedetermination une balance 

ria qui brulc le d&errain£e dcs qu’on auraftft onpr&tiicr Aretmetre 

f 1 'T Iff j«ff 
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conftrudted on this plan. It will be then a fpirit of wine, 
which, in the aforefaid temperature, being effayed by 
the hydroftatic balance, will weigh fo much a cube 
foot: and every inftrument-maker, who (hall undertake 
to conftrudt fuch Areometers, will be obliged to begin by 
compofing this fixed liquor by the help of the hydio- 
ffcatic balance, in order to conftradt his ftandard. And 
indeed all I have farther to fay upon the conftruttion 
of the fcale of this inftrument, relates merely to a ftan- 
dard, to which the Areometers in ufe may be compared 
in order to form a fcale. 

For this purpofe they may be dipped fucceflively in 
two liquids of very different fpecific gravities, and fuch that 
the ftandard may indicate thofe fpecific weights by whole 
numbers of degrees, the difference of which may admit 
of a divifion into aliquot parts: it will be very eafy fo to 

modify 


par cette methods; ce fera de i’efprit de Yin, qui, etant a la tempei ature fiif- 
dite, et eprouve a la balance hydroftatique, pefera tant par pied cube. Dcs lors 
tout faifeur d’inffrumens qui voudra conftruire originalement des Arepmetres^ 
devra premierement compofer cette liqueur, par l’epreuve de la balance hydro- 
Uatique, potir conflruire foil etilon. Car tout ce qui fuit ne'rfegar^jr^bfe* 
effet qu’un etalon, auquel les Areometres d’ufage feront fimpltM6B.t comfpafes 
pdur>formey hut echelle; 

A cet effet on IPs mettra fucceflivement enfemble dans deux liqueurs de pefan- 
teur fpecifique fort differentes, et telles ces pefanteurs fpeci- 

fiques par des'nombres'entiefs de' degres, dokt la difference foit fufceptiblc ‘tPetre 
dhifSe en piarties aliqubtts; 11 fetofbrraife de compofer ces deuxdiqiic^ par 
, Vox.. LXVIII. ' * Q_q q ; 
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modify thole two liquids by mixtures. And when the 
two points at which the intended Areometer Hands in 
the two liquors, fhall be marked upon it, the interval 
between them may be divided into the number of degrees 
indicated by the ftandard. Here the two points of com- 
parifon cannot be too diftant from each other, at leaft if 
the tubes of the two compared Areometers are cylindri¬ 
cal ; for then their intermediate immerfions will always 
be proportionate to the obferved immerfions. I point out 
this, in order to give an example of the inftances in 
which the conliderations, that are the object of this part, 
do not take place. It is the fame as that in which Ther¬ 
mometers made of the fame liquid are divided by com- 
parifon. ^ 

I return to the ftandard Areometer. 1 would dip 
it into this known fpirit of wine, whilft it is at 

■the 


dcs'melanges : et (juand on aura marque fur l’Areometre a conftruire les deux 
points ou il fe feratenu dans les deux liqueurs, on en divifera 1’intervalle dans Ie 
meme nombre de degres indique pai- l’etalon. Id les deux points de comparaifon 
ne fauroient etre trop diffcans l’un de 1 ’autre; fi du moins les tubes des deux Area- 
metres compares font cylindriques: car aiors leurs enfonceinens intermediares, 
fcront tofijours proportionnels aux enfoncemens obferves. Je le fais remarquer 
pour donner un exemple des cas ou les conliderations qui font l’objet de cette 
; partie tfont pas lieu. C’eft Ie-meme que celui ou 1 ’on divife par comparaifon! 
■*des Ttermometres faits d’an meme liquide. I 

Je xeviens a l’Areometre etalon. Je le plongerois dans.cet efprit de vxn conna, 
‘tandis qu’il feroit a la temperature et je jnarquerois avec .un fil fur fa 

brandie. 
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the fixed temperature, and would mark upon its branch, 
with a thread, the point to which it finks: afterwards I 
would mix three parts of water with feven parts of 
this fame fpirit of wine, to make a fort of brandy ftronger 
than the common; it would be the three-fifths ofXan- 
guedoc, which conlifts of two parts water and three- 
parts fpirit of wine that fires gun-powder. I would again 
dip the Areometer into it, at the fame temperature, and 
would likewife mark this new point with a thread. 

One may fee that, according to the principle I have 
above eftablifhed, I take points of comparifon which are 
within the limits of the greateft and fmalleft fpirituofity 
of the liquors to he tried, in order to obtain a fcale of 
equal parts, free from any fenfible error: and in this cafe 
that precaution is very neceffary; for th.e degrees of fpi¬ 
rit uofity 

.* . 

branche, le point ou il s’cnfonceroit. Puis je melerois a 7 parties de cet efprk 
de vin, 3 parties d’eau, pour en faire une eaude vie plus forte que l’eau de vie- 
commune; ce feroit le trots quints de Languedoc, qui doitetre z parties d’eau 
fur 3 parties d’efprit de vin qui brule la poudre. J’y plongerois de nouveau 
PAreometre dans la rneme temperature, et je marquerois auffi ce nouveau point, 
par un fil. . - , . , .. C,/: 

On volt que ftivant le principe que j’ai etabli ci-devant, je prends des points 
de comparaifon en dedans de la plus grande et de la moindre fpirituofitedes, 
liqueurs qu’on eprouvera, pour obtenir une echelle en parties egales, fans erreur- 
fqnfibie: et cela ell bien neceifaire icij car le* fpirknofit^ ne fpijf<ja$ 

Q,q q a 
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rituofity do not follow thofe of fpecific gravity, as I ftiall 

explain hereafter. 

The points thus indicated upon the branch, haying 
determined principles, will be the fixed points of the 
Areometer. The interval between them fhall be divided 
into 30 equal parts, each of which will reprefent ~th of 
the total effect of the added water upon the fpecific gra¬ 
vity of the liquor. The fequel will fliew, that it is 
equally for the conveniency of trade, and of the work¬ 
man who fhall divide the fcale, that I have chofen this 
number, 

I fuppofe that the ftandard will be conftrudted in fuch 
a manner, that the difference of the linkings fhall be 
considerable enough for this purpofe, which may be ob¬ 
tained by making the branch thin enough. One may , 
afterwards, if it be thought fit, for Areometers of com- 

' mon 


pas ceuxde pefanteur fpecifique, commeje ledirai ci-apres. 

Lcs points indiquds ainfi fur la branche, ayant des principes determines, feront' 
les points fixes de l’Areometre. On en divifera I’inlervallc en 30 parties, qui feront 
des 3Q mcs de Pellet total de Peau ajqutee, far la pefanteur fpecifique de la liqueur. 
On verra dans la fuite que c’eft autant pour la commoditc du commerce, que pour 
cell© de Pouvrier qur divifera l’lcbdle, que fisS choifi ce nombre de parties. 

Je fuppofe que l’on conftruira 1 ‘etalon de maniere que la difference d’enfonce- 
inent foit'affezgrande pour cet effetj ce qu’on peut obtenir en faifant la branche 
alfez mince. On pourra enfuite fi Ton veut, pour lesi Ar^bmetres d^pfatge psu 
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mon life, and in which it is not neceflary that the branch 
ihould be fo long, divide the fundamental interval into 
15 parts, which will then be double degrees. 

Having in this manner fixed points and determined 
degrees upon the Areometer, the next thing is to chufe a 
convenient place for the o of its fcale; and the bell will 
be that by which all the effays of the liquors lhall be ex- 
prefied with the fame fign. To effedfc this, one may take 
one of the wines of which brandy is moll commonly 
made, and, reducing it to the temperature of water in ice, 
dip the Areometer in it, obferving how much higher it 
will Hand than the inferior fixed point. This excefs of 
emerfion, compared with the fundamental fcale, and re¬ 
duced to the neareft number of degrees which will be an 
aliquot part of it, will be a proportional quantity fixed 
for ever, which will be added to the lcale below the in¬ 
ferior 


delicat, et ou Ton nc voudra pas la branche fi longue,, divifer l’intervalle fonda-' 
mental eti 15 parties, qui feront alors des doubles degres. 

Ayant ainfi des- point fixes et des degres determines.fur l’Areoipitre, il faut 
choifir une place commode pour fon. zero; etlemieux eftde.leplacer de maniere 
que toutes les epreuves des liqueurs puiifent etre exprimecs avec le meme fignev* 
pour cet effet on pourra prendre un des vins done on fait le plus commandment’■ 
I’eau de vie, etle reduifant a la temperature de L’eau dans la glace, y plonger l’Are-. 
©metre, obfervaot decombien il s’enfoncera de meins qwefe .point, fixe, inferieur. • 
Ce furplmd’emerfioa,- compare a I’lffltervahe : fo.ad®me0taly : .,eti^«it ; au' nomb« ; i 
la plus prochain de degrds qm fe .MOttvera une pjfetie; a%note:de’ cet intera#jy 4 
"fbtaiuhe'^uantite. fixee pony toujoum,/.. qu’ii faudra ajputer a 1'echelle,. apj. 
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ferior fixed point, and determine the place of o. I fiq>» 
pofe, for inftancc, that this excels of emcrfion fliouM be 
about 15% or the half of the fundamental fcale: 1 would 
then fix it at this number; and in that cafe one fhould 
conftantly add half the fundamental diftance below the 
inferior fixed point, and from thefe begin to count the 
degrees. 1 mean that the o would be at the bottom of 
the whole fcale, the inferior fixed point would be at 15% 
the fuperior at 45 0 , and the fcale could be prolonged at 
the top as much as fhould be necefiary for the efiays of 
the moft fpirituous liquors. It is after this manner that 
the a of Fahrenheit’s Thermometer is now deter¬ 
mined; and that being* placed at 32 0 below the inferior 
fixed point, the greater part of the obfervations are ex- 
prefled upon it in pofitive degrees; fo that it is only in 
extraordinary cafes that they are affedted with the minus 

figtu 


da point fixe inferieur. Je fuppofe par cxcmple que ce furptus d’emerfion fe 
[trouvat de pres de 15°, ou dc la moitie de l’echelle fondamentalle; je le fixeroia 
a ce nombre; et ainfi j’ajquterois toujours une moitie de l’intervalle fondamental 
au deffous du point fixe inferieur, pour commcncer de la a compter les degres 
de l’echelle. Ainfi le o fevoit tout au bas, le point fixe inferieur feroit 
a 15°; 1c point fixe fijperieur a 45 0 ; et rechelle feroit prolongee dans le 
haut autant qu’il feroit neceffaire pour foumir a 1’elTai des liqueurs les plus 
fpiritueufes.. C’eft ainfi que le zero du Thermometre de fahrenhbit eft 
a prefent determine, et que fe trouvant ainfi place a 32° au deffous du point fixe 
inferieur, la majeure partie des obfervations y eft exprimee en degres pofitifs; et 
^u’il faut des cas extraordinaires pour qu’elles foyent accorapagnees du fign« 
• ' ' ■ ' -V '■' minsp 
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fign. It would be convenient to pay a regard to this in 
all inftruments, when no other reafons interfere. 

I come now to the correction for the differences of the 
heat. I would take a liquor of mean fpiritnolity, as for 
infiance a mixture-of one part of water and feven parts of 
the Ipirits of wine determined by the hydroftatic ba¬ 
lance.: into this liquor, reduced to the temperature of 45 0 
©f Fahrenheit, I would plunge the Areometer already 
graduated, and obferve the point to which it links* I 
would afterwards heat the liquor to 6-5°, and again.-ob¬ 
ferve the finking of the Areometer. One might likewife 
make ufe of the fcale of my Thermometer, and obferve 
the linkings at 5 and 15 of my degrees, which would 
come fenlibly to.the fame., 

This 

mmurnmu n mm .— * —— . mmmmmmmmmmmmMm, ■'■■■■ »■ ■■* * 

mom. II feroit commode d’av-oir. egard a cela dans tous. les inftrumens, quand 
riead’allieurs nes’y oppofe. 

Je viens a la corre&ion pour les differences de la chaleur. Prenant une liqueur, 
de fpirituofite moyenne,, comme par exemple 1c melange d’x partie d’eau a J- 
parties de i’efprit de vin fixe par la balance hydroftatique, je plongerois FAreo— 
metre, deja gradue, dans Cette liqueur reduite'a la temperature de 45° di. fah* 
renheit, et j’obferverois. le point ou il.s’enfonceroit: j’echaufferois enfuite la. 
liqueur a 65°, et j’y obferverois encore 1’enfoncemen.t de l’Arepiiietre. ©npow- 
roit aufli, en employant l’echelle de mon Thermometre, obferverlfes enfonce*. 
mens i j.eta 15 de mes degres, ce qqi reviendrokfenfibtemejxt artrneme. 
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This observation- being, made, one may conceive that 
it •would be cafy to form a table in which one might ex- 
f , in degrees of the Areometer, the enea* of the 
fences of heat correfponding to each degree of one 
os other of the Thermometers, lotting out tom ataed 
point* fince the effeft correfpondent to cadi degree of 
the Thermometer, will be looked upon as proportionate 
to,lit which ihalihave been found in the fundamental 

"i tould prefer another method, which I have re¬ 
commended in my worh«, becanfe I 

(Treat ufe in practice; that is, to make a paiticulat lea 
for the Thermometer intended for theft expedients, by 
changing the nnmher of the degrees contained between 

Cl) VoL I- P* 39 °* * - „ 


on,, obfervation Mm, oncomprenclferoi. aite * former~«>M» 
laquelle on uM £*£ £“ 

LC to rftii comma proportioned » «W — “»»- *» 1 °‘- 

M I j a , 1 narce „ ue u m trouvee d’une ties grande commodity dans la pra- 
^ cS de faireuneechelle particuliere pour lc Thermometre deftine aces 

4enU m ohangeant lc nombre <ta degree rental outre ft. pomK^ea, 


#g) Tom, I. p- 39°* 


pour 
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the fixed points, in order to eftablifh an eafy propor¬ 
tion between them, and the degrees of the Areometer, 
and that thus one might make the correction without, 
tables. It would be eafy, for inftance, to make the degrees’ 
of the Thermometer anfwer to quarters of degrees of 
the Areometer; for in that cafe, reckoning them from 
a fixed point, one would only have to correct the ob- 
fervations made upon the Areometer, by a quarter of the 
number of degrees indicated upon the Thermometer, 
which feems to.me very convenient: and as it is always 
eafier tosg al d than to.fubtraCt, I would place the o of this 
Thermcnphter at, the point of the greateft ordinary heat 
of the air, or about 24 0 of my Thermometer, and 86° of 
Fahrenheit’s: for then, reckoning the degrees of the 
Thermometer downwards, one fhould only add them to 
the indication of the Areometer; fihee the cooling of the 

liquor 


pour qu’ils euflent un rapport fimple avec ceux de l’Areometre, et qu’on put 
alrifi fe paiTer de tables. II ferdlt fort aife, par exemple, que les degrds du Tlier- 
raomttre correfpondiffept a deS quarts de degres de l’Areometre; et alors, .les 
comptant depths un point fixe, on n"auroit qu’a cornger I’obferyation faite (ur 
l’Areometre, par le quart du nombre des degres qu’indiqueroit le Thermometre; 
<:e qui me paroitroit fort commode. Et comme 11 eft toujours plus aife d’addi- 
tionner que de l'ouftraire, je placerois le zero de ce Thermometre au point de la 
plus grande chalcur ordinaire de Fair, e’eft a dire auxenvirons dcafde mon 
Tbermometre, on 86° de Fahrenheit; car alors 3 complain tes degres du 
Tbermometre en defeendant, 11 faudrok les ajouter aLlWicatioa de l’Areome- 

Vot. LXVIII. ’ ' ’* -V* o ' " tre * 

' ■ 1,1 - ^ , ... .■ * , d’ 1 , :. ... .,.. ' ■ 
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liquor from this fixed point of temperature would leffen 
the effect of the fpirituofity in the immediate indication 
of the Areometer, comparatively with what it fhould be 
found at this determined point. 

I have here alfo taken, for the oomparifon of the indi¬ 
cation of the Thermometer with the denfity of the fame 
liquor differently warmed, terms which are within the 
extremes of the common obfervations, becaufe here feve-- 
ral caufes are combined in the fame effect. i. The pro- 
greffion of the dilatations of fpirituous liquids compara¬ 
tively to quihkfrlver. a. The different progreiS^ns of the 
liquids of different degrees of fpirituofity. 3. Hie change- 
of hulk of the inffrument itfelf in- liquors of different 
temperatures. It became then neceffary to avoid taking, 
the fundamental terms of oomparifon very wide of each 

other, 



: J<$ rfftoidiffero«itdop«i8 ce point fixe de tetnp&atws, dijninueroit 

■Pef&t-de-'M ,; i|>trituoEtc fur Vindication immediate de l’Areom&tre,: comparative- 
merTS be.'qtVdnfa trouveroit i ce point determine. 

J’ai prts encore ici pour la comparaifon de Vindication du Thermometre aveo 
la denfite d’une meme liqueur differemment ehaude, des termes qui fe trouvent; 
cn dedans des extremes des-obfervations ordinaires; parce qu’ici plufieurs caufes 
fe combinent dans un tnhne efeh» fsCvw/ iJ| Tamarche des dilatations des liqueurs 
fpxritueofes comparativement au ft difference de marche des liqueurs 

de different degra de fpirituoffte. 3 0 , Les changemens de volume de Vinffrument 


lui menie dans les liqueurs differemment chaudes, 11 falloit done esriter de 
prendre les termes fondamentaux de comparaifon a une grande diffancefife^Ur' 

' dc 
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other, left the error arifing from confidering the immer- 
lions of the Areometer, occafioned by the changes of 
temperature of the liquor, as being exactly proportionate 
to the indications of the Thermometer, fhould thereby 
be rendered fenftble. 

Every part of the Inftrument being thus determined, 
it will be eafy to conftrudt it every where in an uniform 
■manner. Experiments will then be made, and the degree 
of fpirituofity which liquors in trade, under certain de¬ 
nominations, ought to have, will be fixed: fpirit of 
wine, for inftance, brandy named three-fifths in Lan¬ 
guedoc, that which is called proof of Holland, or any 
other. Thefe points being known, as the ftandard of 
the precious metals fixed by the different States that coin 
money, there will then be eftabliflied a proportionate 
value of the degrees of fpirituofity, which fhould be 

found 


de rendre fenftble Pcrreur qui refultera toujour® de confiderer les enfoncemens de 
PAreometre proven a ns des variations de la chaleqr dc la liqueur, coimUe' 
exaflement proportionnd's auxindicationsduTliermometre. 

Toutes les parties dc l’lnftrutncnt ctant ainfi determindes, U fera aife de le con- 
fttuire 'partOftt' d^une rnaafee 'uniform*; On fora slots des experiences, et Pon 
fixera a certains point? de P Areometre, le degre de fpirituofite que devront avoir 
fesliqtiddrs r^tiendd^ dan? le commerce fous certaines denmwfiattoqs?' Vfiph de 
.®»V, par exemple, fern de vie nominee troh fuinh en Languedoc* cellc qu’on 
nomme a Piprtteve de Holland'?, od telle asutre': ;,et •&* nt connus, 

domAe oil tonnott les utres des m&aux pr&i^ux’Jxes"par;le3<'0ivers Etats qvn 
'ba#atmonoyd,'il' s%ablirkaftlR'idie valew pJVportidnnelledes <%**, * fttntu- 

fin ■ am . , ’ ' */'/ 
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found more or lefs than the expefited degree, as there is 
a price for the karat of gold or denier of filver, by which 
the feller and buyer might always be able to do them- 
fclves juftice. For inftance, every degree lets than the 
point fixed for the common fpirit of wine would be 
to be made good by the vender, that is about i {per cent. 
in the language of trade, and i per cent, only on brandy 
named thue-fitbs . 

When this Areometer fhould have come into general 
ufe, the Police of the places in which the trade of fpiri- 
tuons liquors is carried on, might take cognizance of it, 
and .keep the public ftandard of the Areometer, as they 
keep the ftandards of weights and meaferes. The infpec- 
tors hf that trade would thus have fixed modes of effay- 
ing, and the public all the neceffary fecurity. 

There 



efitl de plus -ou tie moms que le d£gre attentk; commc il y a un prix pour Ie 
Pokrtt: le' dptitr de l’argenu, par od le vendeur et l’acheteur poummt 
tofijours fe faire juftice. Par exemple, chaquc degre de raoins que le point fixe 
pour Vefprit je yin ordinaire, feroit T V a bonifier par le vendeur, ou environ 
pour cent en terme de comroercQ; et. i pour cent feulementfur 1 ’eau deme trois 

quints. . ; v ■ 

Quand cet -un pen general, la Police des 

rieux ou fe fait le commerce des liqueurs ipirkueufes, pourroit en prendre coa- 
■. noiflrance, et conferver Tetalon public de TAreometre, eomme elletient 
• ceux des mefures et. des poids. Les infpeaeurs pr^pofes auroient 
*dpreuves fixes, et k Publiotouw la, certitude, nlceffaire fur cet objet. M , 
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There would be little advantage, with refpecft to exa6t- 
iiefs, in making of fpirit of wine the Thermometer in 
tended for thefe eifays; though its variation would be 
more exactly conformable to the effects of heat upon li¬ 
quors of the fame fpecies: for it has been feen how far, 
by the method I propofed, the differences vanifh.; and, 
on the contrary, there would be a lofs on two accounts: 
the one, that this Thermometer would he much lefs fen- 
fible than the quickfilver one ; the other, that it is much 
more difficult to conftruCt it, when one wants to make it 
upon fixed principles, and this the rather as -good 
workmen have loft the habit of making them. 

One fees, moreover, that the fame Areometer may (mu- 
tatis mutandis) be ufed to .meafure the faltnefs of water. 
Upon which I fhall only obferve, that the manner indi¬ 
cated of fixing the correction for the heat, would be ftill 

more 


■ II y auroit peu a gagner pour l’cxaftitude, a faire d’efprit de vin le Thermo- 
metre defiine a ces epreuves, quoique fa marche fiit dans ie fond plus.confomie 
aux effets de la clialem* fur des liqueurs de meme efpcce; car on a vu a quel degre 
|.a methode queje propofe a fait difparokre les differences: et il y auroit a 
perdreau contraire a deux egards^ Tun que ce Thermometre feroit hien,vpddtns' 
fenfible que ceiui de mercure, Pautre qu’il eft bien plus difficile a conUroire^ 
lorfqu’ou veut te faire fur des principes certains; d'autant plus ,que, les bons 
ouytiers outp^xdu : ,l!ftabitude4^^faire, , , : X ' 

On volt au refte que ie meme inftrument peut etre employe a mefiarer 
la Talure :v de Peauy \wmtsith ipfytatodts* J&i i-ferai reraarquet imk- 

ymmt* de fixer 1st cotttSAon pour la 

Mutant plus neceffaire., qu’il y a plus de difference dans la marche ^esefetsdela 
.■ : f ^ • • •' r; ; ’ ■ .-diakrn^ 
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more neceffary in that cafe, as there is a ftill greater dif¬ 
ference in the progreflions of the effects of heat, between 
waters different] y falted, than there is between liquors 
that have a different degree of fpirituofity; as may be 
feen by the experiments upon this fubjedl which I have 
explained in my Work (h K 

Whatever approximation the method which I have 
applied to the conftrudtion of the Areometer may give 
towards indicating, by equally diftant degrees upon the 
inftrument, equal differences of fpirituofity or faltnefs 
of the liquids into which it is dipped; it will ftill be true 
that it will only fhew equal differences in the fpecific 

(h) Vol. I. p, 271*—One may alfo fee, in the defeription of fig. the me- 
hppt^ihg this inftrament to meafure in general the fpecific gravity of 
all hqmds in which it can fink, 

gravity 


'ekix •'difKremment falees, qtfentre tes liquttnif dlfflfemment 
V voir par lcs experiences-que j’ai fapporf&$I cte, 

'fotirmiffe la methods qne jVi’appliqnee : i la 
flruclion de I’At&iiutrc, pOar indiqnenr, par dcs dcgrcs egalement diftans fur 
HMrttaeht, ■ Am f #&c*etles de fpirituofity oude fill nre dcs 

liqfitdas darts lefquds ft? : \V fttla^tofijoistVyrai fans* dotste, 

montrefa exa&ement que des differences egales 'dans lapefehtettr fped'Gtfvte do . 


, fbj Tom. —Voyez aufii dans la defeription 4c la 3 tc moyevx d’employcr cct luftrp|aeat , 

f*wr meter ea general la pe&nteur fpecifique 4^ ^ il £ewt tfmimcm ^ '* ^ 1 


liqnides, 
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gravity of the liquids, to which the equal differences of 
faltnefs or fpirituofity will not exactly anfw er. 

But the inftrument being conftrufted upon fixed prin¬ 
ciples, one might afterwards feet for the true laws which 
the different intenfities of thefe caufes follow, when the 
changes in the fpecific gravity are equal between them;, 
as I have already done (from an idea of Mr. le sage's) 
for the real differences of heat correfpondant to degrees 
equally diftant upon the Thermometer"; a determina¬ 
tion which would -be ufeful in the particular cafes in 
which the approximation given by the inftrument would: 

not be fufficient. . , . 

I have not yet executed this inftrument ; nor indeed is, 

it neceffary that 1 fhould undertake to do it, in a country 


(i) Vol. I? P* 285, 


where 


.varies * correipondront p» — — 1- 

■ ^ wt* •v'" a *■ ^ w rii-ffprences d’intenfite de ces caufes atpc- 

W* 1 " e« t *»adVi. lapsf?»«ur.{ E S C i- 

S: «. ^ z %* 

s» „**.**.-. 


1 ' {}) Tom. L FJ. »*J* 
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where fo many artifts will underhand me by this defcrip- 
tion, and may even fupply what I have omitted. And 
ftiould any one be delirous of undertaking it, 1 would 
willingly affift him by communicating to him fome 
ideas for the execution, which would have made this 
paper too long. 


Conclufion with refpeB to phyfical meafures in general. 

Though the Areometer is ufeful in itfelf, the chief 
reafon of my dwelling upon it was to give an example 
of the general rule I have before eftablifhed. 

Here are in this cafe only three phyfical effedts, the 
degrees of which are not proportionate to their apparent 
caufes, and which are united under the appearance of one 

fingle 


prendre fur cette defcription, et de fuppteer mcrne a cc quc jc pourrois avoir 
je : rne Amts::i-5tilleurs un plaifir d’aider lepremier qui voudra l’entre- 
quelques klees dc detail dans rexecutioii, qui 

aoroient trop allonge ce memoirc. ■ .\ 

’ ' 'Vi . 

■ ^ general. , ■ 

• Quoique : 1 *e,' je me luis principalement 
arrSte a expliquer fes principes-, pour donner un exemple de la regie generale 


quepii^ljtblfe, ;■ ' ; ■ ■ . ■» ■■ 

Voila, dans un feul cas, troi« effets phyfiquesdont les degres ne font pa& pro- 
portionnela'l'lcfe de Mime' fous l’apparence d’un feul, 

a ■ ■» i, , ir‘ - <■ - favojr 
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fingle effect, namely, the different finking of the Areome¬ 
ter. In the firft place, it will not always fink in liquors of 
different denfities in general, proportionally to thefe den- 
fities, on account of the changes of its own bulk by heat, 
and the poflible irregularity of its branch. Secondly, it 
will not fink in proportion to the changes of temperature 
of the liquor, becaufe the changes of denfity of the latter 
will not follow the fame law as the changes of temperature* 
I have already mentioned thefe two caufes of error; but 
here is a third. The Areometer will not fink exactly in 
the inverfe ratio of the quantities of fiegm; becaufe the 
fpecific gravity of the liquor does not follow the propor-* 
tion of thefe quantities. It has an increafing progref- 
fion ; and here the immediate caufe of this difpropor- 
tion, which is evident, may give us an idea of what takes 

.place 


/avoir Penfoncement different de FArcometre*. D’abord il ne s’enfonccra pas 
toujours dans les Hqnetirs dedift§rentes denfifc&en general, propordonnellenient a 
ces denfites ; a caufe hie fes propres cliangeqiens de volume par la 'chaleur, ti jfc 
riiTegularite poflible de font'tube*’ Enfuitc il ne s’en forcer a pas propcrtioimelte- 
mtinp aux cbangeirieri's''de: : tempiralure die- 14 liqueur j ■ pa roe que 
de denflte de' celle-oi : ne,;&ivront pas la meme loi que les elia-ngemeos cle t€£npe~ 
rature* J^ai dqja indique ces deux caufes d’erreur* mats' en 
UAreometre ne s’enfoncera pas exaftement en raifon inverfe des quantities do 
ftegme 5 parce que la pefanteur fpeciflqUe de la liqueur ne fmt pas le rapport db 
ces quantities; elie a une marclie eroiffante. ‘ ’-£t iei, 4acaufe prpehaine de^cette: 
difproportion, qui eft evidente* pent nous donner une % idee de ce qui ft pafie 

LXVIH. . ■■ ;; '"\ f \ ;%%■* .' t ( , ' * ^ ans 
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place in Nature, and hinders phyfical effects from ap¬ 
pearing proportional to their caules, in our obfervations. 

The fpirit and the flegm penetrate each other; that is 
to fay, the bulk of the mixture is a little lefs than the 
Turns of the two bulks before the mixture ; and fo the 
lpecific gravity, which is the weight or the quantity of 
matter under a certain bulk, increafes a little in the 
mixture, comparatively with the mean fpecific gravity of 
the component parts. This penetration feems to me to 
give us fome idea of the hidden caufes in bodies, which 

modify, unknown to us, the effects of the apparent 

1 - | i 1 ' 1 " 

caufes, and prevent the obferved effects being propor¬ 
tional to thefe. 

j*" 

^:Qnp mpft therefore, in order to have equal degrees in 
the Areometer, without fenfible error upon the fpiritu- 

olity 


dan3 la Nature, et q^empeche les diets phyfiques d’etre proportionncls a leurs 
caufes dans.nosobf«rW;k3«s. ■' 

L’efprk et Iqflegae Apeaetrentj 'c’eftA dire quo le volume, du melange eft 
un peu moindre que la fotxime des deux volumes avant le melange: ainfi la pe- 
: fanteur:;fpecj%qq,A«fflft;fe.fpi;dt ou la. quantitd de maticre, fous uncertain 
volume, augments un peu dans le melange, comparativement a la pefantcur fpe.- 
cifique penetration repreftnte affez bien ce me 

fembk les caules caeh&s daps les eo?p^iqui inodifiem a notre infu les effets des 
caufes apparentes, et empeebent qqe les eftets obferves. ne leur foyent propou- 
tionnels. 


11 faut done, pour avoir des degres egaux dans 1’Areoroetre fans erreur fenfible 
fur la fpirituofitc qplll mefiirer, Jixyr ces degrfs par la coroparaifon d’effets 

...... .' . . ’ '!■' ,! 1 ’ . ■ _ t- 


obferves 
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ofity that it is intended to meafure, fix thefe degrees by 
the comparifon of effedts obferved within the limits of 
the common obfervations : and this is the fecureft way in 
practice; for how could one make a fcale follow all thefe 
different laws? 

This is what I propofed to apply.to phyfical effedts of 
all kinds which have unequal degrees, by equal dif¬ 
ferences in the intenfity of their caufes, or by equal de¬ 
grees of fome co-effedt more eafily obferved, and which 
fhould be made life of to determine the other. 

In order to make the advantage of this method more 
confpicuous, I will now apply it to the co-effedts the moft 
different which exift perhaps in Nature, I mean the aug¬ 
mentations of the bulks of quickfilver and water by the 
fame augmentations of heat. 

I will 


obferves en dedans' tie's limites des obfervations ordin&iresj et e’eft le chcmin le 
pins fur dans la pratique; car comment pourroit on faire fuivre a ime eehelle 
toutts ccs differentes loix. ’ < 


Voila ce que je me propofols d’appliquer aux effets pbyfiques de tout genre., 
qui ont des degres inegaux, par des differences egales d’intenfite de leurs caufes, 
on par des degresegaux de quclque co-cffet, plus aife a obferver, et qui cTevroit 
fervir k determiner les autres. 1 *>v.: 


''ypour're^ cette methode plus frappante, je vais Fappliquer aux 1 

co~efFets les plus f difparates peut-etre qu’il y ait dans la Nature; je veux dire les 
augmentations de volume du mercure et de 1’eau, parles;-m€mes, mgm entatioasr 
cfelachaleur* * ;> b.:, f 

ffc'f : ' ’ S f f a ■'-.O'-iTiiilile' 
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I will only put the fame cafes I have explained before 
for fpirituous liquors: the firft, in which the adtual trial 
has been made at 8o° of the Thermometer, the fecond, 
in which it is fuppofcd to be made at 2,0% both com¬ 
pared with o; and the third, in which the trial is made 
at 5 0 and 15 0 . The deviations of the three cafes between 
the temperatures of o and 2,0° (reputed to be the limits 
of the common obfervations) are as follow: 

1 ft cafe. 


Je poferax {implement les memes cas quc jVi cxpliqucs ci-devant pour Ies 
Itqiieurs fpiritueufes; 1c premier od Tepreuve a&uelle a etc faite a 8o° du Tlicr- 
; -'$:enf<k fake 11 20°; Pun et lautre comparative-- 

ment a 0: et le troifieme ou cette epreuve eft faite a 5 0 et a 15°, Les hearts cle$ 
trois cas ? 3 entre' les temperatures dc b et 20 ° } cenfees etre les limites cles 
obfemtiens ordinaire*?, font commefuit. 
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ift cafe. 

ad cafe. 

3d cafe. 

Therm. 

Dil. of water. 

Therm. Dll. of water. 

Therm. 

Dil. of wat. 
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8o 
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In the change of the expreffion of the dilatations ot 
the water in the third cafe, as in thecorrefponding cafe for 
the fpirituous liquors above mentioned, it was neceHury 
to confider as o or x the bulk of the matter correfponding 
with 5° upon the. quickfilver Thermometer, fmce it is 

with. 



X tr cas. 

Therm*'-' Mat. dc Teau, 

80 So 


Q;i 7 1 ; : ; w;''., i, » ■ ■ ' '' ■_ ’ ; ■ ■ 

. Daw le change®** de r«cpcefi<» des d«Jatations4e ST m C0 ™ 

dans ]e cas coSpdfld^t ei-devaat lea l*j*«** 
id coaler Le ^ o* * »» a 5 ^ 
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with this point that its bulk at the temperature 15 0 is 
compared. Making afterwards equal to 15-5 = 10 the 
number of the equal parts which meafure the augmen¬ 
tation of the bulk of water, inftead of 1,6 + 0,4= 2, which 
was the number in the firft cafe taken from the experi¬ 
ment, I have changed all tlrefe terms in the proportion 
of a to 10, which has preferved the fame proportions 
between them. After this the expreffion of the 
Thermometer continuing the fame, that is, its o or x re¬ 
maining 5 0 lower than the inferior points of the a&ual 
comparifon, in order to have, without calculation, the 
deviations within and without thofe points of compari- 
fop, it was neceiTary to add 5 to all the firft numbers 
which eiiprefs the real dilatations of the water. I might 
have fubtradted 5 from each indication of the Thermo¬ 
meter, which would have come to the fame. It will be 


eafily 



'jpMifqiic deft avec ce point que fon volume a la 
temperature 15 0 eft cottipard. Faifant enfuite egal a 15 — 5=10 lenombre des 
parties egales qui mefure I’augmentation de volume dc Feau, au lieu dc 1,64- 0,4 
= aqu , ^toit : fe'. : yon|b:re : .dtoa&i^<yier ( 'cas tire de Fexperience, j’ai change tous 
les tcrmes daiisile-iapport de ;a a ce qui a confcrve les memes proportions 
entr’eux, Apres -quoi, Fexpreffion du ThermbcRttre reliant la m&ne, c’eft a 
dire fon zero ou z teftant point inferieur de comparaifon 

aftuelle; pour avoir fans calctit les deviations a’u dedans et au dehors de Ces points 
de comparaifon, il a faJIu ajouter 5 a tous les nombres qui expriment les dilata¬ 
tions reelles deFeau. J’aurois pu retrancher 5 i chaque indication du Theriiid- 
metre, ce qui feroit revsnu an memo. On veua aifdjment je crdis que c’hft ii la 
CCC:. ■ ; ; ■ A'W route 
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eafily feen, I believe, that this was the road to follow in 
order to tranfpofe, in the third cafe, thofe proportions 
found by experiment, which immediately conftitute the 
fecond. I proceeded in the fame manner in the exam¬ 
ple drawn from the two fpirituons liquors. As to the fecond 
cafe, as well for thefe liquors as for the water, it is evi¬ 
dent, that the change of the fcale which meafures their 
dilatations, occalions. no change in the proportions of the 
terms found by experiment.. 

I repeat it, I do not believe one has ever obferved, 
in any cafe, two co-effe£ts of the fame, caufe which fol¬ 
low more difproportioned progreffions, than thefe dilata- 
tions of quickfilver and water by the fame augmentar- 
tions of heat : and yet one fees, that by this method (I 
mean by obfervjng the real proportions of the. co- effects 
within the ordinary limits of the intenfities of the caufes) * 

one 


route qu’il falloit fulvre, pour tranfporter dans le'3 mc cas^ ces rapports trouves 
par Fexperience qui forment immediatement le premier. . J’ai procede .de ,1a 
meme maniere dans Fexemple tire des deux liqueurs fpiritueufes. Quant au 
fecond cas, tant pour ces liqueurs que pour l’eaiq il eft evident que 1c changemeat. 
de Fechelle qui mefure leurs dilatations, n’en apporte aucun dans 
termes trouves,;par ; Fexperienc;ei 


• 'll ne me fernble pas r Je le repete,* qu’on ait obferve cov . 

feffetS'd’urie meme ‘ caufe .qui fuivent des ccs- 

'-dilatations du mercure et do padr $(■ 
cependant on voit que par cette methode (je yem dire prenaat par obfemrioa 
its rapports des co-effets au dedans des limites ordinaires.des intenfitfo-d^,icm#4 
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one leffens much the errors in the other terms, which 
will refult from fuppofing them to be proportionate to the 
obferved proportions; and that one procures a fenfible 
exadhiefs near the points of a£tual trial, which are at the 
fame time near the greatcft number of the cafes of prac¬ 
tice for which one willies to find meafures* 

And if one confiders co~effe6ts in general, fetting afide 
this extreme difparity, one will perhaps feldom meet 
with any, which follow laws more different than the cor- 
refponding dilatations of quickfilver and brandy : even 
very frequently they will not deviate more than thofe of 
brandy and fpirits of wine; and in that cafe it has been 
feen, that this method reduces fo much the deviations by 
'= limits qf the ordinary cafes* 

that it may be ufed without fenfible error, when thofe 

co-effedts 


4itB«3W;’b<iatK:ou'jjlpS hearts qu*on fera clans las, autrds tferaUfc en les fuppo&nt 
proportionnels aux rapports dbferves j ct qu’on fe procure meme fenfiblcment 
I’Aa&ithde, aux environs des points d’epreuve aftuelle, qui font en memo terns 
les plus pres du plusgrand ftcianbre 4ea cas de pratique pour lefquels on chetchd 
des mefures* ; . s i , , ' ...' : 'v;. , ■ ■■■, ■ 

Et fi Fon. confidere les co-diets eft.gfid&al, mettant a part cette extreme dif- 
parke, on en trtm^^'j^lnpp^’. 1 ' isiredtdnt -qiii fuivent des. loix plus difierefttes 
que les dilatations correfpondantes du raercure ct de i’cau de vie; tres fouvent 
menie its ne s’ecarteront pas davantage que celles de I’eau de vie et de Fefprii de 
vin; et alors on a vu, que cette methode y reduit tellement les dcarts, en les 
rejettant hors des limitea des cas ordinaires, qu’on pourraTemployer fans erreur 
■ ; y dyf -r't C;’:.'.'■; /■ ■ • .■ f ■' ;; ■ V:’ fenfible. 
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co-effedfs are not followed in all their degrees. . Whilft, 
on the other hand, the method of taking the fundamen¬ 
tal proportions in points which are very diftant, under 
the idea of leffening the effects of the errors, is exactly 
that which accumulates a greater quantity of them upon 
the intermediate cafes, which are the mod: frequent, and 
often the only ones in the which there is need in prac¬ 
tice of knowing the co-effedts by one another. 

•One muft not, therefore, feek the power of the 
Thermometer which corredts watches, invented by the 
immortal harrison, by trying it in the temperatures of 
artificial congelation and in a ftove; for that is the way 
of deflroying a great part of its corredting effect, in the 
very cafes wherein it is mod: neceffary, by accumulating 
on them the deviations of two co-effedls, probably very 
little proportional, namely, the changes of the elaftic force 

of 


fcnfible, quand on n’a'ura pas fuivi ces co-efiets clans tons leurs degrcs. Tandis 
que celle de cherclier leurs rapports en des points'fort eloignes, dans l’idee cte 
dim inner Feffet ties erreurs, eft preci foment le moyen d’eivaccurauier le plus 
fur les'casintermediates,' qui lont les plus frcqucnsj et fouvent Its ieuls ou fon 
cobnokreTes*to'in*par lesaiatresv': '; '/•,.' 

II ne fam done pas, par exemple, chercher le poavoir du Thennntri;^r0 ; ;cdT* 
reSeurdes ;ihv<nte 'parPitbnwrtel harrison, en 


temperatures Wum oopgelation artificieile $ '<f^: 

t\ii Sferfpbb* grande pm%* de c4t idffefc ,1c -plpj& yi 

htfeeffaire; puifque e’eft j 4eu& co-effets ptotabl^tBcnt 

tres peu propoitionneis, iitvob tie force elaftique d v un rciiort 

> 'fS'ku ' iiXVllt' ’ : '' ,' ; ' !/. ' t t t . \ , . fpiral. 
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of a fpiral fpring, combined with all the other alterations 
heat produces in a watch, and the different degrees of 
bending of a lamella eompofed of two metals differently 
dilatable by heat. 1 am apt to believe, that a part of the 
irregularities which hill continue in thefe watches with 
correcting Thermometers, proceed from not having tried 
their effects within the limits of the natural tempera¬ 
tures to which the watches are expofecl. 

For the fame reafon it will not be proper to ufe very 
great differences of heat in the experiments intended to 
find the required combination of the two fubftances in 
the pendulum: on the contrary, it will even be better to 
make them within the limits of the natural variations of 
■^leat which the pendulum will meet with in its place: 
for by that means, though thefe fubftances have not pro¬ 
bably 


fpiral, combines avec toutes les autres alterations que produit la cbaleur dans 
unemontre, et les differentes courbourcs qu’ eprouve une lame compofeede deux 
m£taux differemment dilatablcs par la chaleur, Auffi fuis-je porte a croire, 
qu’une partie des jrregularites qui reilent encore dans ces inontres ii Thermome- 
tres corre&eurs, viennent de n’avoir pas cherchc leurs eSets au dedans des limites 
des temperatures natwetles on les montres font expofees. 

Par la meme raifon fl .-ne Sbdra pas employer de tres grandes differences de 
chaleur dans les experiences deftinees a trouver la combinaifon convenable des 
deuxmatieres dans le pendulej et au contraire il conviendra de leg faire en 
dedans meme des limites des variations naturelles de chaleur que le pendule 
eproavera afa plxcr: cat pax 1% qnoique css njatieres n’ayent probabjetnentpas 

T. ■; V - ■_ . ■■ - * ■ h 

■ 11 ' 1 ,v!i w 'i ' v ' '!;■ r > , ’ 
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bably the fame progreffion by heat, one will not perceive 
in practice the effe&s of their differences. 

One muft not neither, from the compared dilatations 
of air and quickfilver in paffing from the freezing to the 
boiling point, conclude the relation of the denfities of the 
air ill the atmofphere with the height of the quickfilver 
in the Thermometer. For here, as in the companion be¬ 
tween fpirituous liquors and quickfilver,we have a double 
error to guard againft, that which may arife from the dif¬ 
ferences in the progreffion of all air and quickfilver by 
the variations of the heat, and that which more or lefs ex¬ 
halations and vapours certainly do produce in the dilata¬ 
tions of the former. I believe, therefore, that to confine 
one’s felf, in feeking for a common rule, within the li¬ 
mits of the rnoft frequent natural variations of heat, and 
obferving their effects in the atmofphere itfelf, will be 

the 


la meme marclie par la chaleur, on fera fenliblement a l’abri des effets deleurs 

differences. • "' V . ' • ’ ■, • 


II lie faudra pas non plus chercher, par les rapports des dilatations de 1’air et 
du mercure en pallant de la glace a 1’eau bouillame, ceux des denfxtes de l’air 
dans lhtmofpbhe avec la riarcbe du Thermometre, , Car id, commffdanSla 
comparaifon des liqueurs fpintueufes au mercure, nous avons double erreur a 
pnevenir: ’CTile'^i'peui'miultefr'des differences dans les marchestout'air et, 
du mercure par les ; va'fiafioris de-plia&Ur^ et celle que’prod'uifeat fas^tnetjit' dans la 
rnarcffudu'prcftt ter* lefjl^aM 5 contient. 

ge renfertner done, poor la redlJdftfje ^'d&rn^S^dS&fii’une, dans l’etendue des 
Yariations de chaieur les plus fi^ueates, eff obfervant leuxs effets dans riaao- 

. T t t a , IpRerc 
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the fureft mean of climinifhing the errors, till fuch time 
as one fhall be able to follow thefe variations of denfity 
though all their canfes; enquiries worthy the greateft 
care of natural philofophers. 

For the fame rcafons it will not be in the greateft and 
leaft degrees of heat in the atmofphere that we mull take 
the fundamental proportions of the refractions with the 
Thermometer: for unlefs one was likewifc to determine 
by experiment fomc of the intermediate proportions, 
one would probably be expofed to very great errors; 
confidering firft, in general, that the changes of the den- 
fity of air by heat may poflibly, as I have juft faid, not 
obferve the fame law as thofe of the quick (liver in tlio 
Thermometer; confidering like wife that the changes of 
the denfity of the atmofpherical air by heat are probably 

accom- 


^ * 

Inhere meme, fera je eras le moyen le plus fur de diminuer les erreurs, jufqu’a 
ce qu’on foit en etat de fuivre pas a pas ces variations de denfite par toutes leurs 
caufes; recherches dignes du plus, grand foindes phyficicns. 

Par les mimes raifons it ne faudra pas chcrcher dans les plus grandes et les 

le rapport des refraftions avec le Thermome¬ 
tre: car I moins .de determiner auffi par l’experience quelques uns des rapports 
interme'diares, on feroit probablement fujet £ de tres grandes erreurs: vu d’abord 
en general, que les changemens de denfite de I’ajr par la chaleur, ponrroient 
bien, comme je viens de la dire, nepas fuivre la meme loi que ceux du mercure 
dansle Thermometre: vu encore que les changemens de denfite de fair atmo- 

fpheriqud 
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accompanied with a change of its nature, by the mix¬ 
ture of vapours and exhalations, which may occafion, 
great variations in the law of dilatations; considering 
above ail,.that the changes of refringent power and of 
denfity are two co-effects of. very different nature, the., 
progreffions of which may differ more, than thofe of the 
denfities alone in different bodies. Here then are com- • 
plications of complications, which may. very likely accu- - 
mulate errors in the intervals of the proportions fm>- 
nifhed by experience between the refractions and the 
indications of the, Thermometer, if thofe proportions 
were taken in points very far diftant. The application 
of the theory .of refractions to the ,practice of aftronomy 
is as delicate as important, and cannot be viewed in ton 
many*lights: which determines me not to infill farther , 

here.; 


fpherique par la chaleur, font probablement accompagnes de cliangement dans fa ■. 
nature par le melange des vapeurs et des exlialaifons, ce qui peut rendre la lor ■ 
de fes dilatations tre$ variablej'yii furtout qne lei changemens.de'. verfu refrinr 
gente et de denfite, font deux co-efFets de nature bien differente, et dont les 
marches peuvent s’cearter -davantage, que ceU.es des denfites'feules dans differens , 
corps. Voila done des complications de .complications, qui ppurrQieftdtikh^ 
apcumuler des erreursdans Fintervalle des rapports fournis par Fdx ; p£ine&&entr^ 
les refraftions, et les indications du Thermometre, fi ces rapports etoieiJt pris 
en d?s joints fort t 
tique de/l’aferonoiuie, e 

' :v . . ' .... " " ' . 
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hire on this objea, but to confute it by itfclf in another 
Paper. 

As to pliylical co-effefts in general, and I dare aflert it 
here in co-effefts of all kinds, if one cannot fix all their 
relations, degree by degree, by immediate and fore ob- 
fervations, one muft avoid deducing general rules from 
relations taken in the extremes. The aftion of caufes, 
mo ral as well as phyfical, whether from the variety 
of the fobjeas on which they aft, whether from fecon- 
dary ones which efcape our obfervations, is too compli¬ 
cated, for the obfervable modifications to increafe m the 
exad'proportion of the evident caufes; and confequently 
for the co-efeSs of thefe to be proportionate between 

ther&feives-. j 


trop tofeto « *5 ™ Jtem ” e 1 “ dm ” ,a 8 e 

Lllur cet objet, pour latraiter i part tlans un autre Memoue. 

Q™, m co-rftt. » *<«64 «i’<* >' d,rC ,‘ C \ d " S , leS “''‘S' 

*2 tot 6 vc L U ?* «x» to«*»— >w»“ **• p” “ 

tit tontowhy- 

OTronspm llM.'W .oartmB.sT'"* 0 " de! c “ fei ’ ? : 7 ^ l 

i trop complwaSc, (bit *** «*“ ■** 

. ’ odifications obfervablcs croiCcnt en proportion exude des cauie-evidentes, 

« par wfieptent,pom,»e toPO-effct. * «ll*dfcyeM ptopompnel. «««* 
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I fhali now collect the refults of the preceding re¬ 
flexions with regard to phyfical meafures. 

When the inquiry is into general caufes, fuch as heat, 
the eledtric fluids humor , light, the ^weight of the air, 
the fall of bodies, percufiion, Sec. caufes concerning 
which we never acquire fiifScient light, we muft endea¬ 
vour to find out what are their mo ft Ample effedts, in 
order to meafure the intenfity of them by thofe 
effedts. In that cafe it is proper that the fixed terms 
of the meafure be taken at the greateft poffible 
diftances. For it being the moft Ample effedt, and con- 
fequently that which approaches neareft to follow, by 
its degrees, thofe of the intenfity of the caufe, it will; 
ferve as a common meafure for all the other effedts de¬ 
pendant on it. One muft, therefore, afcertain the uni¬ 
form: 

.....r» ............—.—......— . . 

Je vais maintenant raffemblcr ici les refultats des reflexions precedentes a 
Fegard des Mefwes. phyfiques. ^ . 

Lorfqu’il s’agira de caufes generales, comme la chaleur, le fluide eledtrique, 
l’. humor, la lumiere, le poids de Pair, la chute des corps, les chocs, &e. caufes 
fur l’a&ion defquelles< nous ri’aequerrons jamais affez de lumieres, il faut 
chercher quels font leurs effets les plus fimples, afin de mefurer leur iritenfitd 
par ces effets. Alors fans doute il convient que les termes fixes de la mefure 
foyent £ris aux phis grandes diftances poffibles. Car s'agiffant de l’eftet le plus 
fimple, et par confequent le plus, approchaat cmx tie 

Fintehfi^ de la caufe, U fervtPK dp tous les autreseffet 

aui en dependent. Il faut done affurer la «onftrtiai<» tmiforme de la mefure; 

A ' > . - ! • 1 ■' ' c* t 
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‘form conftrmftion of the meafure, which cannot be more 
• accurately'obtained than by a great diftance of the fixed 
.points; and attempt, however, by every means poflible, 
.to find the proportions of this moft fimple and rnoft re¬ 
gular effe6t, with its caufe. It is on this account, that, 
in my treatife on the Thermometer, I have expofed all 
the reafons which lead me to believe that quickfilver is 
the body whofe changes of bulk are moft proportionate 
to the variations of heat which produce them, in order to 
allure to this liquid the preference as a common meafure 
of heat : and that afterwards, as I have faid above, Hooked 
for the proportions of its progrellion with thofe of heat 
itfelf. 

&s-to.:the co-effe&s which will be indicated by 
thele mealures of general caufes, unlefs they can be de¬ 
termined degree after degree by experiment, and the 


objedts 



ce qu’on obtient plus furement par line grande diftance des points fixes; et 
chercher cependant par tous les moyens poflibles les rapports cle cct effet le plus 
regulier, avec fa caufe. Cteftpar ces raifons que dans mon trakc fur le Tiicr- 
mometre, j^ai raflfemble tous les motifs qui me portent a croire que le mCrcuf© 
eft celui des,corps,dqn^kf xhangemens de volume font les plus proportionnels 
aux variations de la chaleur qui les produifeat; a fin d’alfurcr a ce liquide la pre¬ 
ference pour la mefure ■ ct.qutenfuite, comme je Pal dit 

ci-deffus, j’ai cherche les rapports de fa march© avec celle cle la chaleur elle- 
merne. . 

Mais quant aux co-effeefts qui feront indiques par ces mefures des caufes gene¬ 
rates* a moins qu’on ne puifTe les determiner degre par. degree Paide de Fexpg- . 

\riencc* 
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obje<£ls are delicate enough to make this neceilary, the 
vfafeft, and at the fame time moffc convenient, method 
will be always to keep within the limits of the natural 
cafes, to fix the fundamental points of the proportions; 
ufing for that purpofe all the fupplies of art and found 
logic to come as near to exatftnefs as poifible in fixing 
thefe bafes. It is this confideration which feems to 
me to give fome value to the method of afcertaining the 
relative expanfibilities of bodies, which is the iobject of 
the firft part of this paper. If the co-effe6ts are propor¬ 
tionate between them, there will be little loft in not taking 
diftant terms of companion, if they are taken exactly. 
If the co-effe£ts are not proportionate, there will be much 
gain ; and the lefs they are, fo much the more. 

We are obliged to take up with probability in Nature 
in fo many refpedts, that it is perhaps of more impor¬ 
tance 


rience, et que les objets foyent affes deficats pour qu’ii le faille, la methode la 
plus fure, et ea meme terns la plus commode, fera toujours de rentrer en dedans 
des limites dcs cas naturels, pour fixer les points fondamcntaux des rapports; 
en employant tout ce que fart et la bonne Iogtque pen vent fournir de fecours et 
de metfaqdos pfertaU apiprocliet le plus qu’il eft poffiblede I’exaQitiide cnfixantces 
bafes. C’eft cette confideration qut me paroit donner du prix a la meihode'de 
fixer Iqs expaufibilit^s miatiycs des corps, qui fait le fujet de la. i ptert|ryj>artic 
de ce Memo Hie. Si kaioo&S&a fqnt pKSfidrtioonels eati’eux, on peidna peu a, 
ne pas prendre des termes de comparaifon cloignes, pourvu qu’on les prennc avec 
exaftitude. S’ils ne le >@a;gfcgaerft beaucoup; ct d’autant plus, qu’ils 

le feront moans. , . . ' . ’ ; • ■ ■ 

1 Nous fommes obliges de nous contented ftu prhi»blc a tant d’dgards dans la 

, yo i» LXVIII. , ' ■ ’ ?•. jjJ: l yyi • ^’Nature, ■ 
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tance to us to inveffigate the phyfical rules of probabi¬ 
lity than to attend to its mathematical rules upon hypo- 
thefes. 


EXPLANATION OF THE FIGURES!. 

P I' g. i-.. 


a ct A rod of a fuhftance little dilatable by heat (glafs for: 

inftance) fufpended vertically „„ 
b A bracket,.from which hangs that rod. 
c Point of fufpenfion of the rod- It is the point where the 
rod is free from,the preflure of the piece which keeps- 

it 


Nature,. que cbercher les regies pliyfiques de la probabilitc, nous eft pcut-etrc 
plus cffentiel, que de nous attacker- a fes regies mathematiques fur des bypothefess. 


EXPLICATION. DES FIGURES. 

■ -y ■■ ' ■ 

■ .: fig. 1 . 

aa Une brancfte d’urie matiefe pNsti par la chaleur (de verre parexem- 

plc) fufpendue verticalement. 


b Une pic ce fix-ee quelque part, d’ou pend cette branche. 

c Point de fujjsenfum de la uieinc branche, C’eft cclui ou elle fe trove degagee 
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it fufpended; and it is from that point only that the 
length of the rod is reckoned. This is the rod which 
is called fixed in the paper. 

dd A rod of a more dilatable fubftance than the former. 

e Point at which the rods are connected, called in the 
paper point of union of the rods. 

/ Point marked upon the rod dd at the middle height of 
the rod a a . 

g Another point upon the fame rod, at the third part of 
that height. 

The rod dd is the one which is called free in the 
paper. If then that free rod has a disability 
double of that "of the fixed rod , the point*/ lb all 
be immoveable , notwithftanding the variations 
of the heat. If the fir ft dilatability is triple, 
then the point d will be immoveable. 

FI G. 


de la piece qui la dent fufpendue; et e’eft de ce point feukmmt que doit fe 
compter la longueur de la branche. G’eft celle qui eft elite fixh dans 
Memoire. 

^i Une branche d’une’antre'^taJpere^lps dilatable que la premiere. 
e Point oil les deux branches font goupillees enfembie, nornme dans le m^pite 


■ ■ point de reunion des branches. ' . ■ : ; " , 

f Point marque fur la branche dd a la moite de la hauteur de la branches. 
g Autre point marque fur la meme branche, au tiers de , 1 a 

La branche dd eft celle qui eft ditto libre dans le Memoire. Si done cette 
branche libre a une dilatabilite double de celle de la branche fixee y le point 
/ fera immobile^ malgre les variation de la chalcur. Sila premiere'd^a- 
tabUite eft triple de la derniexe, ce fera le point d qui fera immobile. 




iM'd 


"I G. 
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FI G. II. 

a a Stand to which the Pyrometer is fufpended. 
b The hook from which it hangs. 

ccc The deal-hoard which is the bafis of the whole ap¬ 
paratus. 

dddd Four arms to which the frame eeee is fixed. 
eeee The frame. 

ssss Another frame, which carries the Microfcopc. 
gg Two crofs pieces, through which pafles the tube of. 

the Microfeope, and which fupport it near both ends. 
bb The Microfeope. 
i Its Micrometer. 

k Cork, through which pafles the glafs rod, and by 
which it is kept fufpended. 

//The 


"• FIG. II. 

a a Le lnpport anquel eft fufpendu le Pyrometre . 
b Le crochet d*ou il pend* 

' ccc La planche cJe fapin qui fert de baft a tout FappareiL 
dddd Qnatre bras <501 fervent a porter le cadre eeee. - a ; 

eeee Ce cadre. 

; iT ; V ; ;v j.'i" „: ■ ' ■ 

ffff Le chaffis qui porte le Microfeope. •'' ' 1 

gg Deux traverfes dans lefqucHes paffe le tube du Microfeope, pour le foutenir 
press de fes deux bouts. , , . 

h h Le Microfeope lui re&re. Av/A/.;. '.'gg- ? 

/Son Micrometre. 

../ Liege dans lequdla%rtitel&^ A:/‘A ; A 

( -d' ■ 1 U La 
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//'The glafs rod. 

m A. rod of metal,, or of any other fubftance lefs dilata¬ 
ble than glafs* 

n Point of union y obtained by means of two connected 5 - 
rings, in which both rods are fattened by fcrews. 

Higher up is another pair of rings, in one of which, 
the metal rod is free, and which rod it fiipports*. 
Qp The piece, to which the glafs rod is fufpended. 
q A fquare piece fixed to the frame by four fcrews, be¬ 
hind which is a box, in which, as well, as in a groove 
cut in thebafis in fi, the piece op Hides.. 
r A fcrew, which pafles through the fquare piece q t „ 
whofe ufe is to move backwards or forwards the piece 
q , in order to bring the furface of the metal rod to the- 
focus of the Microfcope. 

ssss. Fourc 


II La branclie de verre. 

m Xa branche de metal, ou de tome autre fubftance plus dilatable * que le verre„ * 
pomt de prpduit par deux anneaux accouples, ou-chaeune des , 

branches eft fixee par une vis. 

Uu double anneau femblable, mais pu la branche de metal paffi libxement^ „ 
fe. volt plus haut, -h• -foAttfibibranch#* ' , 

La piece a laquelle l^ branchede verre eft fufpendue, 
j,,Une autre piece fixes Ar Is cadre par 4 ; vis, derriere laquelle eft finefioite ou 
la piece op gliffe fort jufte, akft <jue daas.Bne. roffrVl|fe fa u ' a laplanche 
, crr enp* } • /„ . ^ ■*. j; 

r Une vis gui pafle an ttavers.de la piece .faire-^BOovoir la:p*ece- 

op en avant ou en arrive pouf ameWf' la' JMftnche de. pjetal 

W .foyer .du Microfcope., , j., a i , }> , ,, 
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ssss Four fcrews, with round metal plates behind 
their heads, which ferve to prefs the frame of 
the Microfcope againft the frame eeee: the longitu- 
dinal openings, through which pafs the fcrews, per¬ 
mit the free motion of the firfi frame, when one 
llrikes gently with a hammer to the bottom or the 
top of one of the fides. 

When -one wants the Microfcope higher or lower 
than the .grooves permit, one may change the 
fcrews in other holes made on purpofe in the 
fide pieces of the frame eeee. 
tttt The cylindrical bottle, in which hang the rods, in 
order to be heated at different degrees by water of 
temperatures. 

uu Supporters of the bottle. 

x 'Ther- 

.■ssss Quatre via, ayant des plaques tie metal derm-re leurs tetes, qni fervent a 
: prefer le chaffis du Microfcope centre le cadre eeee; fans empecher cependant 
que ce chaffis ne puiffe monter ou defeendre (par le moyen des covertures 
"'.'longity^inali?* pafient ltfs vis) en frappant des petits coups de marteau 
■deffous ett>dfc(&ji l’qii 4e® c&tes. • ■ '■" '■ 

Quand on a befoin de placer le Microfcope plus haut on plus bas que le* 
couliffes change les vis. en d’autres trous qni 

font le long desrnontansda cadre^^, ,■ <;• ■ 

4«if.':i|A'l)outeMle ) cylindrique dans laquelle peijdfent les /branches pouv y &tre 
echauffees adifFerens degres, par dq feau-a diflgrentes temperatures. 

<u u Supports de .cette bouteilku 

■ "f; KM&r '::-w Ther- 
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%: Thermometer fufpended in the water. 
yj A rod, to the lower end of which is fixed a fmall 
plate, to ftir the water by moving it up and down. 
zs-A fyphon, one branch of which is within, and the 
other without, the bottle, the latter with a cock; 
ferving to draw off the quantity of water which is- 
neceffary for changing the temperature in the bottle;, 

fig. nr.. 

or The- ball of the Areometer , which; is of glafs and, 
empty, except 

b The fmall ciffem at the bottom, which contains quick- 
filver. f 

cc The branch , made of a thin metal; tube,, cemented to? 
the ball;. 

45,15 Two' 


Ar.Tliermometrefufpendu dans l’eau* 

yy Baguette an bas de laquelle eft une petite plaque, qui fert a agiter Feau en la 
faifant mouvoir de bas en liaut et de liaut en bas. 


%% Syphon, dont une d.es branches eft'dans la bouteiile, et Fautre au dehors , 
portent un robinet; fervant a tirer de la bouteiile la quant ited’eau neceiTairec 


III.. 


- : ■ 


aux .changemens de degres de chaleur. 

' ■ :V ; '- • V ^ : I G- : 

a Boule de V 'Ariomdre, qui eft de vferfe et vuide, excepte- ’ 

^'Le petit tesfervoir reMfdi de mercore. ; 
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!! i r Two threads tied to the branch, which are the 
points of the Areometer, as intended totryfpi- 

.rituous liquors. . . .. 

Tire conftru&ion of the whole fcale is explained m 

ithe paper. 

One may apply another fade on the oppofite fide of 
The branch (fuch as the arbitrary fade in the figure) in¬ 
tended to try merely the fpecific gravity of the liquids in 
which the Areometer may be dipped. The particii ai 
fixed points of this fcalefas for inftance ddj may be taken 
in two liquids whatfoei#, whole fpecific gravmes, tried 
by the hydroflatic balafe, (hall have a convenient re a- 
tion; and the fpace between thole two points will be di- 

® into a ctmvaiient number of equal parts. 

The 


jfeI Sk •***h ta ” cl ’ e - fmt ***** * tAri " 

■ ■ comme defliaS aWpwuv.de* liqueur. tputtueufis. 

l»a conftru&ion de route. cettc ecliclle eft c-xpliquce axisi « c * 

On neuttracerde-l’autrecote de labranchc-une autre echelle (comme lechelle 

d. U <%T> 

^ .h-yd od h 

**» Mm* fit. ft* 

ileckellc. ;i vv '^ d -" ’ "a ; : jj 
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The proportions are not determined in this figure, 
which ferves only to help the explanation of the princi¬ 
ples upon which a comparable Areometer might be con- 
ftrudted. 


II n*y a rien de determine dans les proportions de cette figure, qui fert unique* 
ment a rendre plus intelligible les principes fur lefquels on pourroit conftruirc 
un Ariomkre comparable* 
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XXII. AbiraSi of a Regijler of the Barometer, 'Thermo* 
, meter y and Rain , at Lyndon, in Rutland., 1777. By 
Thomas Barker, Efquire. Communicated by Sir John 
Pringle, Bart* P. R. S, 


Read February. 26, 1778. 




Barometer. 



Higheft 

Loweft 

Mean. 

p mmm ' ■ rT 

Jan. 

Morn. 

Aftern. : 

29,82 

28,83 

29.36 

Feb. 

Morn, 

Aftern 

29.71. 

28,54 

29,23 

Mar. 

Morn. 

Aftern. 

29.72 

28,49 

29,31 

Apr. 

Morn, 

Aftern. 

29.93 

28,91 

29.53 

May 

Morn. 

Aftern. 

29.79 

28,84 

29,33 

Jane 

Morn. 

Aftern. 

29,90 

29,12 

29.48 

M: 

Morn, 

29,91 

28,74 

29,42 

Aug 

Morn. ; 

; 'a, 9»97 


29.54 

Sept. 

Morrt.v 

Aft* 

29,90 

29,21 

29,62 

oa. 

Morn. 

Aftern. 

; 29,80 

28,20 


Nov. 

Mom. 

Aftern, 

29,90 



Del.' 

Morn. 

Aftern, 

j 3 °j 00 | 

28.5s 

! 29,36] 




-r . 


Thermometer. 

Rain. 

BIKHi 

1 Abroad. 


Ha 



High. 

Low. 

Mean 


451 

26 

361 

45 

14 

3 1 

i 5 o8i 

46 

28J 

37 i 

47 4 

22§ 

36 

46 

32 

37 

434 

14 

3°4 

2 , 4*5 

* 48 

3a 

38 

54 § 

244 

38 

56-1 

38 

45 

52 

26| 

mm 


6ij 

38J 

46 

68 

35 

48 

52 

4 i| 

45 . 

524 

3° 

40 

1,586 

54 

42 

47 

6l 

43 

50 

59 f 

46 

524 

59 

4 °i 

484 

1,981 

62I 

62I 

65 

5 i 

54 i 

73 

50 

594 

5*4 

524 

57 

58 

6i| 

70 

45 

AO 

534 

6a 

2,966 

67 

71 

II 

60 

62 

6 3 4 

77 

49 

55 

56 

67 

3 , 203 ' 

67 

53 

62 

64 

5 ° 

■H 


68 J 

m 

64 

761 

55 

67 


■ 64I 

S3i 

594 

■594 

4 ° 

504 

0,507 

; 67I 

55 

61 

74 

53 

65 

62 

' 46 

53 

57 

30 

454 

4*009 

62 

461 

; 544 

624 

434 

54 

54 

41 1 

46 

53 

27 

% 

t rR r 

i mi 

42§ 

47 

58 1 

354 

x p5 01 

’ 44i 

35i 

39 

44 

27 

334 

1,720 


3 6 

40 

4741 

3°. i 

37 

if ,«.v 


■:Aii 

A ■/ ■ 

'yy 
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The year began, with hard froft and a large fnow, 
breaking fometimes; but a fevere feafon, being chiefly 
froft and fnow till about the 20th of February; when, 
after wet and hoods at its going away, it was mild the 
latter end of February and beginning of March: then 
cold again; fhowery the middle of the month, and three 
days about Lady-day hotter than is ufual fo early in the 
year, the thermometer abroad being 68 . The fpring 
feed time was fine, and the ground green, but not much 
grafs, the weather being in general windy and cold till 
near May-day: it then grew fhowery, and though ftili 
cool, grafs and grain came on very faft. Once this year, 
about June 10th, after fome dry hot weather, the ground 
began to burn; but from that time to the end of July, 
there was fo much rain that the quantity of grafs and 
hay was very great, fome of which was well got, though 
fome was fpoiled 5 the crops of grain were good,* but too 
rank, and much laid. The harveft was rather late, but 
moft of it very well got, the latter part of the fummer 
being clearer, hotter, and drier than it had ten before, 
and it continued hot later than ufual, for the tbermome^ 
ter in -the fhade was 74, near the end of $epteffibef^ 
There was a great deal of rainiriOiihiber atid flovethber, 
yet as the ground was dry before, and the rain came by 
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very favourable, and the ground continued in good order. 
The weather was open and fine till a little way in De¬ 
cember;. but a great part of that month was dark, calm,, 
and moftly fair, and frequently fcarce either froft or thaw, 
and the year ended as it began with froft and fnow. 

The earthquake which was felt September 14, ^in 
Chefhire, Lancashire, 8cc. was obferve.d by fome people, 
here, both the found and fhake; but as there was a ftrong, 
wind at the time,, neither of them were fo much taken* 
notice of as they might probably otherwife have been... 

•■ » .... ; .. ■ 

1 had: a pocket-book lent me laft year, of a clergyman 
who formerly lived in this country, giving fome account 
of the weather of the wet year 1725, which I here tran- 
fcribe. 

u This year was cold and wet, having rained all the 
“ time, except now and then a day,,from the middle of 
w -Aph till Auguft 27. ■ , .. ■ 

•; hay at firft came in ill,, through agreat flood. 

' v , " /, 1 I '/ ‘ \ ' ' ' • ' (i , V-; 'V * 1 , ’ 

£C June I I and ra, and almoft conftant rains; the mea- 
“ dow.grafs wortjj little; the rains being- but finall, it 

... , .... , 

; , w Harveftwas very back.w^j 4 , though many,, fancying 
<s would not,, fold off their parley early, and were. 
force <* to buy for their families for five or fix weeks at 

“ leaft : 
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a leaft ; they were deceived by the height of the corn: 
u and grain, and coldnefs of the weather; 

u Auguft 23. A rain happened at Ketton feaft of 24 
“ hours continuance,, caufed a. flood on the meadows for 
“ four or five days, fo the herd had fcarce a.place to feecL 
“ on; the tethering grafs for the horfes was- all fpent, 
if and we were forced.to. take them, to.houfe.till the corn 
“ was off.. 

a All garden-fluff was a month later than fome other 
“ years; no berries on the hedges ; no weather for pit- 
“ coal carriage; no caterpillars, flies, &c. 'no kidney- 
“ beans, or very few, being deftroyed by fnails and cold.. 

“ The year being moftly wet and cloudy, things tranf- 
u planted, wanted no water nor fhading; ho fruits were. 
ts well ripened ; no grapes at alb. 

“In Auguft, wheat between five and fix fliillings a. 
“ ftrike (bufhel); barley above four fliillings and fix- 
te pence ; maflin five fliillings; oats dear. 

“ Note. The year 17.35 proved the fame, in almoft; 
a all particulars.” 


I have heard a graz^er of this town fpeak of that year 

:■ 'k ' ; A- Kfi y -;*■*"A;,';' /?:.;■*•/ A: h'i" A' ‘A* ' A/A'Tp. ''A t 

17 2 c. I think his account of it was this: that it Was the 

' ' ’■ ’ ’■"■■'A A- Ai'r.v'J.,"AAi A A A. A : . ■■ A-,A i A . ■ . 

warmeft and^ideft fpring he remembered, rill April - 

1 J 1 1. ■ . 1, • ■* ,v '< .••• 1 r 1 d - ‘ 1,1 3 '... '..‘ K .V 
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peafe and other garden-fluff remarkably forward; and 

after that time the wetteft fummer he ever knew. 

The forwardnefs of the fpring at firft might make the 
farmers expefl an early liar veil, as the account above 
fays they did. 

The year 172,3 was as dry as this was wet. 

In the fpring 1776, there was a remarkable quantity 
of feed upon the elms, of which I fow’d a confiderable 
parcel, both of the upright kind and of the witch elm. 
I believe, not above one feed in five hundred or a thou* 
fan’d, grew*, but thofe which did made much finer plants 
than thofe raffed from fuckers, efpecially the upright 
kind, two of which were full five feet high in a year and 
half from feed, and as thick at the bottom as my finger. 
They were fown on a north border, to keep them from 
the fcorching fun, but the flies deftroyed fome of the 
plants at their firft coming up. However, notwithftand- 
ing the uncertainty of their growing, I think to fow fome 
more of the feed, when there is any to he got. 
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XXII. Journal of the Weather at Montreal. By Mr, Barr. 
Communicated by Richard Saunders, M. D. F. R. S. 


TO SIR JOHN PRINGLE, BART. P. R. S. 

»v ; 

Q T TJ - ' v a x Brighton, 

& 1 "" — 4th Sept. it if. ' • 

Read Feb. z6 } O OMEdays ago I received the inclofed 
I7?8, ^ Journal of the weather, kept by Mr. 

b arr, for a few of the winter months, at Montreal, with, 
a defire to put it into your hands. I underftand that the 
winter was thought particularly mild. The thermometer 
was Fahrenheit’s graduated 50 degrees below o. I ob~ 
ferve that the wind never blew from the north; nor do I 
know that, it ever blew from that quarter while I was inr 
America. 

I have the honour to be. Sec. 


R. SAUNDERS. 


7 
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FOR DECEMBER, 1776. 


.Days 
of the 
Month, 

1 hermometer* 

.. -A---- 

Snow 

Wind 

Remarks* 

Morning 

Evening 

14 

0 

+ 10 

0 

- 4 

Inches 

NE 

Clear* 

l 5 

4- 2 

4 30 

3 

NW 

Cloudy, thefirft fall of fnow at night 

16 

4*i6 

’■4 2 


NW 

Clear. 

17 

4 

+22 


NW 

Clear. 

18 

+ 20 

4 8 


NW 

Clear, the wind high. 

10 

— 2 

at 0 


NW 

Calm, a fine calm morning* 

20 

4 " 2 

4 20 

a little 

NE 

Cloudy* 

21 

4 24 

4 26 

ditto 

NE 

Cloudy* 

:22 

4 24 

4-.X4 ; 

ditto 

NW 

Clear* 

23 

+15 

412 


NW ! 

Clear. 

24 

4 4 

4 6 

* 

NW 

Clear* 

: 1 2.5 . 

at 0 

4 8 


NW 

t Clear,and alittle wind* It is worth 
) obferving, that the wind is never 

26 

+ 8 

4 20 

fome 

• NE 

t high when the thermometer is low 
Cloudy* 

; *7 

4x6 

4 10 

ditto 

N£ 

Cloudy* 

28 

4 11 

416 


NE 

Cloudy* 

, 29 

4 16 

4x8 


E 

Cloudy* 1 

3 ° 

416 

420 

a little 

NE 

Cloudy* 

J_ 3 f— 

4 22 

430 


S 

Cloudy, fome rain in the night. 


FOR 
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FOR JANUARY, 1777. 1 


Days 

1 heraiometer. | 




of the 

—.-. -A 


Snow 

Wind 

Remarks* 

Month. 

Morning 

" J . 11 

Evening 


0 

0 

Inches 


* 

1 

+32! 

4.30 


S 

Cloudy, fome rain. 

2 

+20 

+ 4 


NW 

Clear, the wind high. 

3 

— 2 

4-16 


NW 

Clear, little wind* 

4 

+14 

4* 18 

a little 

E 

Cloudy. 

5 

+ 8 

4 " 8 

fome 

NE 

Clear* 

6 

4 - 2 

+ 2 


.NE 

Clear. 

7 

at 0 

+ 8 

fome 

NE 

Cloudy. 

8 

at 0 

4 - 6 ,' 


NW 

Clear. 

9 

+ 6 

-4 10 


NE 

Cloudy. 

10 

+16 

412 


NW 

Cloudy, little wind. 

11 

+ 6 

4-16 


NW 

Clear, 

12 

+ 14 

+18 

. 

NW 

Clear. 

*3 

+ 14 

4 “ 12 


NW 

Cloudy. 

14 

+ 2 

4 10 

4 

NW 

Clear, little, or no wind. 

15 

+ 10 ' 

+ 12 

a little 

NE 

Cloudy. . 

16 

+ 10 

! + 8 


NE 

Clear. 

*7 

— 2 

at 0 


NE 

Cloudy. 

18 

- 6 

4- 6 


NW 

Cloudy, 

*9 

410 

4-24 

• 4 ; 

NW 

Cloudy, a little fnow. 

20 

+ 3 ° 

+ 3 ° 


sw 

Clear* 

21 

+ 20 , 

+li 1 


w 

Clear.' 

22 

+ 6 

4 * 2 


. NE 

Qlear. ' 

^3 

4 2' 

4 - 2 Q 


NE 

Clear, very little wind. 

24 

+ 30 

+40 

1 

SE 

J Clear, in the morning fnow, and 
l rain in the evening. 


+ 40 

+ 3 1 


SE 

Cloudy, fome rain. 

26 

+28 

+ 3 °. 


SE 

Cloudy. 

:.. 27 

'•V' + M 

»\ 4-^4 


NE 

Clear. 1 j 

28 ■ 



r . 

NE 

'Clear.' ' ••, 

29 

+ IQ 

4-20 

..■' v 

'.NE 

Clear* ", ' ' 1 * ' ■", If,. 

3 ° 

■■■'; 418 

+ 22 


NE 

Clear. ■ . 

• 3 * 

4x0 

+ 16 


. W 

Clear. / . ;; " - 
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FOR' FEBRUARY, 177 7. 


Days 

~ Thermometer* 1 




of the 

—.-..A 


Snow 

Wind 

Remarks* 


. u 1 

Month. 

Morning 

Evening 




■ 

o 

0 

Inches 



Mi 

+ 16 

4 2 


NE 

Clear, this night a little fhow* 

2 

+ 3 ? 

422 


NE 

Cloudy* 

3 

+ 12 

410 


NE 

Cloudy* 

4 

4 2 

428* 

if 

W 

Clear, fnow in the night* 

5 

4 22 

4 8 


SW 

Cloudy, feme rain, wind high* 

6 

— °6 

4 6 


NW 

Clear* 

7 

4 8 

4 20 


NW 

Clear* 

8 

4 20 

4 ' 22 

• 2 

SW 

Cloudy. 

9 

4 26 

4 28 


NE 

Cloudy. 

10 

4 22 ' 

+30 


SW 

Clear* 

11 

426 

+24 

■ 1 

NE 

Cloudy* 

* 1 12 ' 

' 4 6 

+ 4 


NW 

Clear. 

* *3 ' : 

at 0 

+12 



Clear, little or no wind. 

14 

—* 2' : 

4-20 


NE 

Clear. 

15 

4 ■ 

+ 12 - 


NE 

Clear* 

■l 6 

4 6 

4 “ 20 


NE 

f Clear, a large circle round the 
1 moon this evening. 


4 10 

+ 22 


NW 

Clear. 

l 8 

4 12 

+ 8 ,- 


NE 

Cloudy. 

19 

at 0 

+ 8 


NE 

Clear, little wind. 

. 20 

4 2 

+ 12 


NE 

Cloudy, a little fnow- in the night; 

: %t- 

412 

+ 30 

4 

NE 

Cloudy* 

■ ',221' , ■ 

1 . 4 2 8 

4-32 


NE 

Cloudy. 

' 2 3 ' 5 

; 428- 

+ 30 


SE 

Cloudy. , 

24 

4 2^': 

+ 28 


NE 

Cloudy* . 

25 

■ 422 ,: \ 

r +24 


E 

Clear* 

" 26 

' 422 

'V+32 


NW 

Clear* 

27 

422 ; 

I 

+ X 2 

fome 

r ■ : 

NW 

fCloudy, .very little wind,, and 
1 wefterly in the evening. 

28 

4 4 '' 


[v;., ' 

NW 

Clear* ‘ 







Weather at Montreal. 



FOR 

MARCH, 1777 . 

Days 
of the 

Thermometer. 

r ' J, " r " nu ' 1 " A 

Snow 

1 

[Wind Remarks. 

Month. 

Morning J Evening 




! Inches 



~+32 

+27 
+31 
+30 
+ 24 

4*21 

+'*4 
+ 18 
*4* 24 
+34 
+34 


NW 

NE 

W 

IV 

NW 

NW 

SW 

NW 

SW 

NW 

NW 

SW 

NW 

NW 

NE 

E 

NW 

NW 

NE 


fome S 
W 

fome SW 
W 
NW 
NW 
NW 
>■, NW 
W 

fome NW 
E 


Clear, 

Clear, 

Clear* 

Cloudy, 

Clear. 

Clear, 

Clear. , , 

Clear. 

Cloudy, with rain. 

Cloudy, with rain. 

Clear. 

Cloudy, with rain. 

Clear. 

Clear. 

Cloudy. 

Cloudy, with thunder and rain. 
Clear. 

Clear. 

Clear. 

f Clear, wind high, and heavy] 
s rain, ice on the river begins to 
l break up. 

Cloudy, 

Cloudy. 

Cloudy. 

Cloudy*' * , . I 

Cloudy. 

Cloudy* . i! 

Clear. ■ 1 , , '• 

Clear.- ■ t *' , , , (, ■'; 

Cloudy. 

Clear, fome fnow, with rain atnight. 
Cloudy. ■' 1 _ 


Yjj 2 
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XXIII. Extra Si of Meteorological Obfervations made a 
Hawkhill, near Edinburgh. By John M £ Gouan 
Communicated by Sir John Pringle, Bart. P.R.S., 

Read February 26, 3:778. 

Lat. SS°* 58', 1 Long, 12'. 42". in time, per 

Long. 3 0 . io£'.W* J AlVrorjomical Obfervations. 

Fahrenheit’s Thermometer, 



17 75 
















Meteorological Observations , &c, 


5^5 


1775 * 

1776. 

Months. 

if! and 
2d half 

at 8 h. 

A. M. 

at 2 h.| 
P. M. 

at 8 h. 

A.M. 

January 
February j 

March 

April | 

May ‘ | 

June 

July 

Auguft | 

September , | 
3 Sober j 

November | 
December j 

1 

2 

1 

2 

r 

2 

1 

2 

1 

2 

r 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2. 

1 

2 

39 - IO ‘l 
3 6 -^° J 
37.64 1 
40.50 j 
39 .S° ] 

40,31 J 

44.83 1 

48.83 J 
52.60 ]. 
52.88 J 
55-66 1 
57-53 J 
58.20 [ 
60.06 J 
59.1° 1 
56.21 J 
53 * 2 ° 1 
53-33 J 

48.86 1 

. 4 i -75 J 
gS.OO 

' 37 * 93 ;’ 
41.16 
j 36.OO J 

37.80 

39-°7 

40.05 

46-83 

52 - 74 

56.60 

59* I 3 

57-65 

53 - 26 

45 - 3 ° 

37-96 

38.58 

4O-.8O 

43- 96 

44 - 3 2 

53-35 

59.61 

l 

60.43 

67-53 

63.67 

58.87 

50.22 

4I.IO 

41.48 

33-33 I 

25.16 J 

36-32 1 
35 -°o J 

37.60 1 
44.12 J 
43 * 6 o ] 
48.20 j 

47-36 1 

51.22 j 
55 -oo 1 
56.00 J 

58.16 1 
60.56 J 

58.60 1 
54.86 J 
55 00 1 

48.60 j 
48.60 i 

45 - 3 8 
45.80 , 

36.13 { 

42,54 1 
33.00 I 

29.242 

35.66 

40.86 

45 - 9 ° 

49 29 

55 - 50 

59-36 

56 - 73 

51,80 

46.99 

40.97 

37-77 

Mediums -of 
years at 

f 8 h. A. M. 
s and 

L 2 h. P. M. 

47.08 

m 

aw 

45- 8 4 



B 



Depth* 
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Mr. m‘gouan’8 Obfermtions , &c. 


Depth of rain at Hawkhill, near Edinburgh, in perpen¬ 
dicular inches, for the year 1776, 


January —— 



Inches 

3.2,62 

February — 

— 

— 

2.355 

March — 

— 

— 

1.465 

April 

— 

—. 

1.213 

May 

*— 

—, 

.626 

June — 

— 

— 

2.367 

July — 

— 

— 

3.075 

Auguft — 

— 

— 

2.410 

September — 

*— 

— 

2-755 

O&ober —- 

—- 

— 

i* 73 S 

November — 

— 

—. 

2.750 

December —• 

—— 

—. 

2.080 




[ 567 ] 


XXIV. Exrabl of a Meteorological Journal for the Tear 
1777, kept at Briftol, by Samuel Farr, M. D* 


Read February 26, 1778. 


mm 


Barometer. 



Highefl. 

Lowell. 

Mean. 

Vicillitude. 

January 

30.18 

29.26 

29.83 

+ 

0*50-1 

February 

29.93 

28.88 

29.62 

+ 

0-43- i 

March 

30-05 

28.80 

29.30 

0.58- l 

April 

30.26 

29.30 

29.84 

0.47- i 

May 

30.10 

29.16 

29.61 

0-39- 1 , 

June 

30.25 

29-55 

29.80 

Q 

6a 

? 

K»|h 


3°* 2 9 

29.30 

29.84 

+ 

0.39- | 

Auguft 

30.27 

29-35 

29.89 

0.35- i 

September* 

30.20 

29,50 

29.93 

4. 

0.28- | 

Oftober 

30.09 

28.47 

29.65 

+ — 
0.93-ij 

November 

30.28 

29.04 

29.86 

0.58- §. 

December ' * 

30.38 

28.83 i 

; 29-5 6 

0-49“ f 




if' , f 

4- riling. ? 





— falling. 


- 








Dr. farr’s Meteorological Journal. 


.An abridged Table of the winds, See. Tor Bristol, for 

the Year 1777. 



N 

E 

w 

s 

NW 

SE 

NE 

SW 

Rain. 

ay 

.52 °* 

<. 5 r 

O T 

» as 

73 

Thunder, &c. 

Jan. 

2-1 

0 

0 

2 

oi 

IO 

I I 

4 

0,996 

12 

3l 


Feb, 

I 

If 

1 

2 

1 

2 

3i 

12 

6f 

*••3 53 

8 

IO l 


Mar, 

ll 

I 

0 

2 

r i 

Si 

uf 

9 

2.2 50 

s 

! 5 


Apr. 

0 

T 

2 

0 

O 

0 

3 i 

17 

9 

I.962 

3 

i 3 i 


May 

I 

; 2 

I 

5 

1 

3 1 

1 

3 

IO 

12 

2.657 

0 

14 

20. N. E. 

Jv n 

i 

0 

1 

2 ! 

3 

4 

0 

. 7 

*5 

I.838 

■0 

13I 


,J u b 

s' 

0 

Si 

i§ 

4 

4 

4 

7 


0 

1 if 

24.N.E. 29.N.E. 

Aug. 

1 

I 

0 

1 

2 

3l 

3 

20 

1.887 

0 

13 

8. S.E. 28.N.E. 

Sept. 


3 

1 


: 2 . 

8 

7 

7 

0439 

s 

Wi 

27. S.E. 28.S.E. 

pa* 

0 

1 

z 

I 

' 1 2 

1 

2 

3 


9 

*5 

3.602 

6 

14J 

6 . S.E. 30 . S. 

' Nov 

. I 

2 

2 

; 1 

'• . 2 

3i 

5 

3i 

14 

2 .I 4 I 

8 

iof 


Dec. 

5 

1 

2 

; 0 

1 

2 

if 

if 

j 4 

61 

o<9S9 

12 

7i 



17 ; 

I 0 V 

la; 

} 7 J 

27 _ 

5 ° 

2 09 

126 

23.169 

59 

i 44 f 



W E A TH E R F O R T H E 'YE AR 17 77. 

January. A froft to the nth; wet to 14th, which 
was d^y,|A$th wet; Fdth and 17th dry ; 18th wet, then 
dry to',a^4;*ad : a%r r to 27th; then dry to the end; 31ft 
a froft. . i ^ h' 

February. The ift and ad wet; the 3d, 4th, and 5th 
Trofty, with fnow on the night of the laft j it was then 
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dry to the 10th; fnow’d on 1 ith and 12th; it was then 
dry to 18 th, when it fnow’d again; and on 19th and 20th 
was dry; 2 ift it fnow’d, and after that was wet to a8th. 

March. Wet to 3d, that and 4th dry; 5th wet, then 
dry to 9th, and after to the 13th; then wet to 2 2d, and 
on 23d; it was then dry to 29th; the 30th was cloudy, 
yet dry; the 31ft was wet. 

April. There was no rain till 7th at night, nor after 
till nth; 12th was dry; 13th ftormy; 14th fair ; 15th 
fhowery; 16th and 17 th dry; on 18th it fnow’d; 19th 
fair; it was then wet to 26th, but after dry to 29th; 
30th dry. 

May. The 1 ft was dry; it was then wet to the 5th, 
hut dry again to 9th; the 1 oth was fair, but afterwards 
it was wet’ to 19th; 20 th was ftormy, and wet continued 
to 2.6th; 27th was wet; 28th and 29th fair; 30th wet; 
31ft dry. 4 , i./-.. 

June. The ift was wet, but it did not rain till after 
8th; 9th was dry; 10th and x ith wet; 12th dry; 13th 


ftormy, as were 13th, 14th, 15th, 16th, 17th, and 18th 
dry, but it' rained in the night of the lalt; after that 
ftormy to 24th, which was fair; it was wet after to the 


end, except 28th. . . ; 

July. Was wet every day to 9th, je&fcepfc$jl#|idi6th 5 
1 oth was fair, and every day, except x ith, to 19th; then 
Vol. LXVIII. Zzz .Wet 



,£$9 Dr. farr’s Meteorological Journal. 
wet to 25th; 26th dry ; reft wet. 

Auguft. Was fair till the 5th, and after to the 8th; 
the 9th, 1 oth, and nth was dry; 12 th. wet; it was 
then dry to the 21ft, except in the night of 15th; 21 ft 
and 2 2d were ftormy; the reft of the month was dry, 
hut rather cloudy, except on 28th and 30th. 

September had the 2 firft days ftormy; it was then 
dry and frofty after 13th to the 19th; 20 th was fair; 
and rain fell after and in fmall quantities .only on 25th, 
29th, and 30th. 

October was alternately fair and wet to the 8th; after 
that it was dry to 14th ; then wet to 19th ; then dry to 
23d; 24th was wet in the evening ; 25th dry; after that 
wet to the end and ftormy, except 27th. 

November. The ift was dry, but after that it was wet 
to the 7th, and, except 9th and 12th, again till the 14th,, 
from which it was foggy, but dry, to 18th; that and 
; were .wet,;, .it was .after that dry 'and.'frofty to the. 

; 29th and 30th were wet. 

y fieeeinhgir.; Except that fome heavy rains fell on the 
4£h y "ft^was; 3 fthd%;and-dyy. to the :& 8th, which was wet; 
i'9th was;'|air|hn|||##^w^ hut was afterwards dry 
to 24th; 25th was:d^y|i|^^iret;4 the reft was dry.;, on. 
3 sft Ibme fnow ML .' y ,, ..,,. ,. 
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XXV. Journal of the Quantity of Rain that fell at Holme* 
near Manchefter, from 1765 to 1769; and at 
Barowby, near Leeds, from 1772, to. 1777. My 
• George Lloyd. 

Read February 26* 1778, 


Quantity of rain at Holme, near Manchefter. 


January 

February 

March. 


November 

December 


1765 1706 17167 1768 1769 Average 


Inches 


a 9°P 3-333 
1,790 3,813 

',o$p , ' $46$ 


4*2*0® J ^073 


L’y' . ,. 

Aaguifc , 

•September • 2.193 J 2.760 
odbber '-7.3.15 



1.800 1.455 


3 T -SS8 f'2$4&L 







Mr. Lloyd’s Journal 
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Quantity of rain at Barowby, near Leeds. 


—--—~ 

. 

*773 

1774 

1775 

1776 

1777 

Average 


Inches 

Inches 

Inches 

Inches 

Inches 

Indies 

Indies 

January 

2.24 

24 

2,2 

2,0 

1*0 

1.2 

1.84 

February 

2.79 


2*0 

3-5 

2.2 

0.7 

2.15 

March 

3-49 

0.3 

1,1 

i.6 

*•3 

1.9 

1.62 

April 

1.^8 

x *9 

1.4 

0.9 

■ 

04 

2*2 

i -45 

May ... 

1.20 

4-5 

1.75 

0.3 

0.7 

1*4 

x.64 

June ; .. 

3-20 

i *3 

2-3 

1.0 

2.98 

3-3 

2.34 

.. J ul y 

1.44 

0.8 

3-63 

6.x 

3**7 

3- 6 4 

3 -o 

Auguft 

I.63 

1.825 

2.0 

4.2 

5-0 

2.76 

2.9 

September 

4.60 

4-875 

3-5 

2.9 

3-47 

1.34 

3-44 

Oftober 

2 - 3 ° 

1.875 

0.8 

4-3 

*•35 

4-75 

2.56 

‘November 

3-75 

26 

■1.4 

2.8 

- ; ,‘ 7 ;h / ’ 

3-87 

i <45 

2.64 

December ? 

0.80 

5 -° 

2.1 

x.o 

Ul 

*-5 

x.92 

Total 

28.82 

29.075 

24.18 

30.6 

27.04 

26.14 

37.50 


METEOROLOGICAL JOURNAL 

KEPT AT THE HOUSE OF 

THE ROYAL SO C IE TY, 

BY ORDER OF THE" 

P R E S I D E N T a n. d C O U N C I L, 



METEOROLOGICAL JOURNAL 

for January 1778. 


'i'iajc.'ii'benn. I 
withoui \ 

Hierro. Barom* 
within. • 

Rain. 

H M. 

inches. 

Inch. ' 


* i .0 

r 8 ' ' 6 . 

2 7 ^ 
6 8 0 

'i" :'o 

78 o 
2 o 
880 
2 0 
9 8 o 
,20 
xo 8 o 

2 O 
IX 8 1 Q 

: -V 2" O' 

12 8 o 

2 O 

n 8 0 

' "'"St o 
"14 8h,, : .& 

15 8 o! 
2 o 

16 8 0 

>4 2- : o 


3L° 

3 2 >5 

3 2 *° 

33.5 

titp'x 

• 3 2 >°‘ 

3 °>o 


3 L 5 

29,0 

35 0 

ia&iy 

si»° ■ 

' 47 >° 

44>° 

4Xk0 >'1 

IP ■ 

■-W: 

45 ,® 

48,0 


29 84 

2 9 » 9 P 

29.98 

29.99 
29,99 
29,92 

29.80 

29.81 

Hrs 

29,60 

2 9 > 5 8 

29,58 

2 9*57 

29,43 

2 9*43 

29.69 

29.70 

29,60 
29 54 
29,26 
29,26 

2 9»43 

29,41 

29,60 


49 >° %$wmi 

50.0 129,98 


N 1 
NNE x 
N by E ■, * 
N ' 1 
NE 1 
N by E 1 
NE 1 
NNW 1 
f " , : '->N .■ 2 

I t 9 *' byW x- 
NW X 

, . N ' i 

SW 1 
NW 1 
N i 

'' ••"‘"Nf ■ 1 

N x 
WbvS 1 
Nby'W 1 
K x 

0,044, 

Jbyw'/x, 

Sby W I 
■ ■. ' SW i 

S by W 1 
0,095 SW 2 
S by W 2 
yolks' ■ .$ 2 

mi w 1 


W cathcr. 


Cloudy. 

Fine and frofty. 
Frofty. 

Fine and frofty, 
Frofty. 

Fine and frofty, 
Frofty. 

Fair and frofty. 

Frofty. 

Frofty, 

Cloudy. 

Frofty* 

Frofty* 

Frofty* 

Frofty. 

Frofty. 

Frofty. 

Frofty. 

■vm* , * 


Fair. 

Fair. 

Fair.' 

Fine. 

bine. 

Fine. 

Fine, 

Rainy, 
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for January 1778. 


an, 17 8 
2 

18 8 
2 

19 8 
2 

' 20 8 
2 

218 

2 

22 8 

• ' , 2 

23 8 
2 

24 8 
. 2 

25 8 
2 

26 8 

a 

27 8 

'' 2 

28 8 

; v 2 

: »9 8 

■ . ' '' 2 : 


0 39,5 
o 45,0 
o 44,0 
o 45 5 °, 
o 36,0 

0 39 *° 
o 32,0 

o 3°,5 
O 33 ,° 
o 38,0 
0 35,0 

o. 34.0 

o 35 ;° 
o 3945 
o 42,5 
o .42,5 
° 35.0 
o 38,0 
O 34.0 
o. 36,0 
o 36,0 
39.0 
o! 37 .° 

o j 44^0 

. o,. 28,0 
Oi'&fr 
0 27-5 

O 37,0 


39,5 

29,81 

3 6 , 0 

29,70 

37 ,° 

29,68 

37 ,o 

29,61 

40,0 

'29,54 

37 ,o 

59,74 

39;5 

%77 

495 

29,43 

42,5 

29,5° 

35,5 

3 o,i 5 

4 °,° 

30,21 

37,5 

30,25 

3 8 >° 

30,17 

37,0 

29,875 

38,0 

29,81 

39»° 

IBMM 

40,0 

29,49 

#,° 

29,8t> 



35,5 

3 6 >° 

■ y mtw 

29,87 

33*9 

29,91 


NNW : 
E by N! 
E 

E by N 
E 
SE 

0,027 E 

E by S 
■ NE 
NE 

0,040 NE 


0,108 

0,069 


1 Foggy, 
i Fair. 

1 Cloudy* 
1 Fair. 

1 Cloudy* 

1 Rainy. 

1 Cloudy* 
1 Fair* 

1 Fair* 

1 Fair* ' 

1 Cloudy. 

1 Fair. 

1 Cloudy. 
1 Fair. 

1 Foggy. 

I Cloudy* 
1 Fair. 

1 

1 Fair. 

1 Fine, 
x Fair* 

: i ■ Rainy* 
i' Cloudy* 
I Fine. 


Fair*, 
x" Fine* 
1 Fine. 

' r r 
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for February 1778. 


Tiine.jThcrtn. Therm iiuroin, Raimi Winds* 
without within. 


Feb. 1 8 


' 2 
7 8 
■2 

8 8 
2 

9 8 
2 

■ to 8 

' 4 ;'! ^ 

;i, $'t\ 8 

///■fit 

12 8 

„ ■; 

13 8 

a'. 

14 8 
2" 

*5 8 

■ • 2 

16 8 
: 2 


d 40,0 
o 44 s® 

o 385° 

o 46,0 

O 35.5 
o . 42,0 
o 29,0 
■ .0: 38,0 
o 31,0 

■ o 35.5 
30 3 LS 

o 38,0 
o 30,0 

O 39,° 
o 28,0 
0 34.5 
° 3 LS 
o 32,0 
c 32,0 
O' : 34 ,o 

0 34 »o 
o 36,0 

33 ’° • 
0 35.5 " 

■ 0' 34^0 
a 38,0 
•q 2 Q,Cm 

°i 36,5 ] 


Inches. Inch. Points. lStr. 


Weather 



37.° 

41,0 

3 9»° 

40.5 
3 6 >o 

36.5 

34 . ® 

35 . ° 

33.5 

3 S '0 

35 >° 
3<>>5 
33 >S 
' 37 .o 

3 2 .5 
33 »° 

, 33 >° 

34 »o 

34 »S 

30,0 
' 3 iW 
, 35 >° 

,| 4 »|v: 


29.93 

29.77 

29,52 

29,46 

29,56 

, 29,6l 

99.83 

29,80 
29,88 
29,88 
2 9.79 
29.77 
>29.84 
129,87 

j 2 9 99 
129,98 

ja»«93 

29,91 

29,95 

2 9*95 
29,96. 

30,06 

2 9.75 


2 9 j ?4 

mU 


137*5.,i 
33.5 
35.0 


129.42 

29.42 
29,42 


S by W 

sw 

0,085 sw 
W by S 
NW 
■NW 

W by N 
W by N 
NWbyN 
W by N 
NW 
NW 
SW 

SW by S 
1 NE 
N 

NE 

N by E 
E ' 

■, . , NE 

0,088 NE byN 
NEbyN 
0,067 NW 
NNE 
0,110 NE 
NE 

0,08 * NE byN 
/ NE 

I'ii®'4rgiw 

NWbN 

* Ih. ifofrviL'L 'aitf- 


1 Fair. 

2 C.Oucly, 
1 Fine/ 

1 Fine, 
t Fair* 

2 Fine* 

1 Fine* 

I Cloudy* 
1 Fair* 

1 Fine* 

1 Foggy, 
x Fair. 


JN by Wj 


1 Frofty. 

1 Fine and frofty. 

2 Fair. 

2 Cloudy, 
x Cloudy, 
x Rain. 

x Cloudy, 

I Cloudy. ■ 

1 Snow. 

3 Snow. 7 
I Snow. 

1 Snow, 
x Fair, 

1. Fine. 

*■ Imr- 

x Fine., ■ . 

■a.. Fine.'; '"v ; 

■1 Fine. 
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METEOROLOGICAL JOURNAL 

for February 1777. 


r 

rime. r 
\ 

fherm. 

without 


H. M. 


17 

8 0 

33 »° 


2 0 

39 ,° 

18 

8 0 

3°,5 


, 2 0 

35 .° 

19 

8 0 

27,0 


2 0 

3 l >o 

20 

8 0 

27 ,o 


2 0 

33,5 

21 

8 0 

29,0 


2 0 

34 ,o 

22 

8 30 

40,0 


2 0 

49,0 

23 

8 30 

47,0 


2 0 

53 ,° 

24 

. 8 0 

48,0 


2 c 

1 53=5 

23 

; 8 c 

1 44,5 


2 C 

> 5 *>° 

0.1 

) 8 c 

> 46,5 


2 c 

7 5 6 >5 

2* 

l 8 c 

3 44,5 


2 < 

) 59 ,° 

2! 

8 8 3 ( 

3 43 =o 


0 , < 

3 CI.O 


f'herm. 

iaroni. 

Rain. 

within. 




nches. 

Inch. 

34,5 

29,30 


3 6 ,° 

29,26 


34? 5 

29,26 

1,079 , 

36,0 

29,26 

I 

32,5 

29,45 


34>° 

29,49 


30,0 

29,43 


33,5 

29,31 


32,0 

29,26 


33,° 

29,21 


3 6 ,° 

29,99 

o,S3° 

39 >° 

29,08 


40,0 

29,33 

0,177 

43,° 

29,43 


45,5 

29,32 

0,051 

48,0 

29,43 


47,o 

29,87 


49,° 

29,93 


48,0 

29,94 


, 53=5 

29,94 


48,5 

29,85 


52,0 

29,83 


48,0 

30,04 

0,020 

50,0 

30,04 



Points. jStr 


SE 

SSW 

SE 

JbvW 

N 

lEbyK 

ENE 

NE 

NE 

ENE 

SE 

WSW 

SW 

SSW 

SW 

sw 

s 

SW by S 
S 

[SSE 

SSW 

NE, 

NE 


Weather. 


Snow* 

Fine. 

Fine. 

Fine. 

5 now. 

Fine. 

Fro fty. 

Frofty. 

Snow. 

Cloudy. 

Rain. 

Fair. 

Fair, 

Fine. 

Fair. 

Fine. 

Fair. 

Fair. 

Fine. 

Fine, 

Fine, 

Fine. 

Fine. 

Fine. 


Vol. lxviii. 


hi , '■ y f r , 




. * i . 


METE- 
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METEOROLOGICAL JOURNAL 
for March 1777. 


■ J .' 

rime. ’ 

rhcrm/ 

Therm.' 

Barom. 

Rain. 

Winds. 1 



1 

without' 

within. 





Weather,, 










H.M. 



Inches 

Inch. 

Points. 

Str. 


Mar*' h 

8 0 

42,0 

45.° 

29,96 


ENE 

1 

Fair. 


2 0 

$h° 

48,0 

29,89 


i NE 

I: 

‘Fine.. 

2 

8 0 

47,5 

48,0 

29,81 


E 

SW 

X 

Foggy.. 


. 2 0 

6 i,o 

5*»° 

29.75 


X 

Fine. 

3 

8 0 

5°,° 

5LS 

29,78 

0.230 

wsw 

t 

Rain. 


i 2 0 

58,° 

S4j° 

29.85 

SW 

X 

Fair. 

4 

8 - 0 

48,0 

1 52,0' 

29,94 1 


s 

X 

Fair. 


2 O 

s6,o 

S4vS 

29.94 


SE 

l : 

Fair. 

5 

8 0 

45iS' 

5L5 

29,76 


ENE 1 

l 

Rain. 


% 0 

5 °j° 

5 2 >°' 



NE by'E 

' 1- 

Fair.. 

6 

7 3° 

40.5 

48,0 

2C),8l 


NW 

I 

Fair. 1 


a 30, 45,5-, 

48,0 

29.79 


WNW 

X 

Fair. 

7 

8 30 

’ 33>° 

39,° 

29.83 


NE 

X 

Fine. 


2 0 

1 4 1 > cr 

4hS 

29,80 


NE 

I 

Fine. 

8 

! 8 c 

1 3LS 

3 6,° 

29,59 


SW 

X 

F°ggy* 


2 C 

» 42;° 

42jO 

29,5 * 


NE 

I 

Fair. 

: $ 

1 8 c 

’ 37‘>o 

39>5 

29,37 


NW 

X 

Fair.' 


2 0 

39>° 

40,0 

29,39 

0,063 

NE 

X 

Cloudy* 

1C 

1 7 3° 
a 0 

3L5 

1 39VO 

37.5 

3 8 >S 

29,59 

29*66 

NNW 

NE 

X 

■■i 

Fair.: 

Fine*.' 

13 

» 7 3 C 

■ 3L° 

3515 

3»i5 

29,76 


NE 


Fine* 


2 C 

> 4 n$~ 

29,75 


ene;'. 

v X 

Fair.' 

15 

1 7 3 C 

> 3'i,o 

3515 

29,72 

29,72 


NE 

X 

Fine, ' . 


,2 , C 


3 8 j° ; 


NE 


Fair.' 

' 

i 7 3 C 
2 c 

1 ■$*& 

> 42,5 

$5,5: 

3»>5 

29,77 

29,73 


S by E 
NW 

X. 

X 

Fine. 1 

Fine, 

M 

• 7. 3 C 

* 38,0 

38,5 

29,66 

6)383 

N by W 

X 

Fair. 


2 c 
7 3 C 

> 46,0 

1 45, 0 


. 

■aipfs’i 


N by W 

j...gw 

X; 

,l' 

Fine. 

Rain* „ 


. 2 C 

51,0 

■ 46,0- 


SW 

X 

Fair. * ■' 

16 

8 30 

47,o 

45,o 

29,01 

0,148 

SSW 

2 

Rain, 


2 ° 

5°,° 

49,0 

29,97 


SW 

, 2 

Rain. 







METEOROLOGICAL JOURNAL 

for March 1777. 


Mar. 


■*7 

18 


19! 


20 


21 


22 


2 3 \ 


26 


27' 

28 


Time. 

Therm. 

without 

Therm, 

within. 

Barom. 

Rain, 

Winds, 

H.M. 



Inches 

Inch. 

Points. 

Str. 

7 

30 

42,0 

47)° 

29)33 

o/io6 

W by S 

2 

2 

O 

,49 5 o 

47,° 

29,62 


NW 

t 

7 

O 

4 - 9>5 

48,0 

29,48 

0,065 

SW 

I 

2 

O 

57)5 

54»° ’ 

29)53 


sw 

2 

7 

6 

5°,5 

5i)° 

29)47 

0 ; 020 

SW 

2 

2 

O 

56)° 

54)5 

29,29 


sw 

2 J 

7 

O 

45)5 

48,5 

29)39 

o,n8 

sw 

3 1 

2 

G 

5^)0 

52)° 

29)5i 


W by S 

2 1 

7 

0 

41,0 

48,0 

29)74 

0,025 

wsw 

I J 

2 

0 

. 53 ) 5 

50,5 

29)76 

' 

w 

1 

7 

G 

. 37,5 

46,0 

29,96 


sw 

X 

2 

O 

52,0 

49,0 

29,98 


NW 

1 

7 

C 

.40,0 

45 .° 

30,15 


NE 

1 

2 

O 

47,5 

47)0 l 

30,09 


S by W 

I 

7 

O 

.46,0 

46,5 

30,04 

0,025 

SW 

I 

2 

0 

,47 5 S 

47)0 

30,09 

i 

SE 

X 

7 

0 

5 hS 

52)0 

29,88 


S by W 

1 

2 

0 

69,0 

5^)5 

29 ) 8 1 


SbyW 

l 

7 

0 

53 ,o 

57)° 

29,88 


S 

1 

2 

0 

72,0 

64,0 

29,94 


SSE 

I 

7 

0 

5'2,o - 

59)5 

29,95 


ENE 

I ’ 

2 

0 

' 7°,5 

65,0 

29,96 


S 

I 

7 

0 

. 43,0 

54)0 

30,03. 


NE 

I 

2 

0 

40,0 , 

54)0 

30,03 


NE . 

I 

7 

0 

38,0 

46)0 

30,09 


NE 

I * 

2 

0 

\ 4 $P 

47)0 

30,09 ; 


•NE " 

I i 

'7 

0 

3 6 j° 

42,0 

3°) 11 


'1 N by E 
NNE 

■ I < 

2 

0 

•4S>3 ' 

44)5 

39,°4 



7 

0 

' $s 5 s: 

4°»5 

*9)9 1 


■■■iNE 

%\ 


0 

44>5 ' 

1 43)5 

i*9)95 

' 

'1 8 E 

2 < 

” H-'t; 


Weather 


Fine* 


Fair, 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fair. 

[Fair. 

Cloudy. 

Fair. 

Fair. 

Fair. 

Cloudy. 

Fair. 
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METEOROLOGICAL JOURNAL 

for April 1777. 



Tmvc .' 

therm 

without 

Fherm. 

within. 

3 arum. 

isiin. 

Winds. 

Wca 

I 




Inches 

Inch, 

Points. 

Str. 

April 1 

Hi 

0 

3S,o 

38,5 

29,96 


NE 

2 

Cloudy. 


2 

0 

35>° 

39,5 

29,96 


NE 

2 

P ine. 

2 

7 

0 

41,0 

42,0 

30,08 


NE 

2 , 

Fine, 


2 

0 

47 >0 

45,° 

30,09 


NE 

1 

f air. 

3 

7 

0 

43>o 

44,0 

30,10 


N by W 

1 

Pine. 


2 

0 

52,0 

47,5 

3.0,42 


NE 

2 

Fine. 

4 

? 

0 

40,s 

43,5 

30,20 


NNE 

1 

Fair. 


2 

0 

5°,S 

46,5 

30,23 


NE 

1 

Fine. 

5 

7 

0 

: 34,5 

41,0 

30,35 


NE 

1 

Fine. 


2 

0 

46,0 

44,0 

3°, 35 


E by S 

1 

Fine. 

6 

7 

0 

33,0 

38,5 

3 0 ,29 


N by E 

1 

Fine. 


2 

c 

4M 

43,° 

29,24 


NE 

1 

Fine. 

7 

7 

c 

37,0 

40,0 

3°, 1 3 

o 5 oio 

NE 

1 

Fair. 


2 

c 

47,0 

44,° 

30^3 


NE 

1 

Cloudy^. 

8 

7 

c 

> 37,5 

40,0 

30,13 


NE 

1 

Fine. 

* 

2 

c 

> 46,5 

43,5 

3°, *3 


NE 

2 

Fine. 

9 

7 

c 

> 40,0 

41,0 

3 0 ,05 


ENE 

2 

Fine, 


2 

0 

49»° 

44,o 

30,07 


ENE 

2 

Fine. 

10 

7 

0 

42,0 

44,o 

30,12 


E by S ! 

X 

Fine. 


2 

0 

59,o 

49,0 

30,06 


E by S 

l 

Fine. 

11 

7 

0 

, 49,5 . 

48,5' 

29,98 


E by S 

I 

Fine. 


■ 2;, 

0 

.62,0 

53>0 

29,99 


' SW 

X 

Fair. 

; 12 


0 

5* >5 

53,o 

29,83 

0,130 

S by W 

X 

Cloudy, 


:' 2 ; :'' 

.7-0 

60,0 . 

5 ri5 

29,79 


SW 

•2 

Fine. 

73 

7> 

; l;q 


: shs . 

29,85 

0,038 

SW 

2 ! 

Fine. 


2 

; c 

1 57,5 

55,° 

29,88 


wsw 

2 

Fine. 

14 

7 

: c 

', ; 42*0 - 3 

49>° 

30,06 


NE 

2 „ 

Fair. 


2 

, X 

1 43,0 , 

49^ 

Mjofti,,-. 


NE 

2 , 

Fair. • 

15 

7 

1 0 

•42,5 

47.0 

3479:0 

0,045 

NNE . 

2 < 

Fair. ; ; 


2 

0 

47,o 

49>° 

3^,23 

" NE 

!■' 

Rain# * 

! 16 

7 

0 

30,0 

46,0 

30,26 

o 3 oio 

NE 

1 

Cloudy, 

I 

2 

0 

49,0 

48,0 

30,20 


NE 

I \ 

Fair. 


MKTE» 








METEOROLOGICAL JOURNAL 

for April 1777., 


Time, 

I herm. 
without 

Therm. 

within. 

Barom. 

Rain. 

Winds, 

W 

H..M. 



Inches. 

Inch, 

Points. 

Str. 

7 

0 

37 ,® 

44,0 

29,92 


NE 

I 

Fair. 

2 

0 

$ 1*0 

46,0 

29.73 


EN£ 

I 

Fine. 

7 

0 

3 8 ,o 

43 >° 

29,60 


NE 

2 

Fair, 

% 

0 

‘ 45.0 

45 .o 

29,60 


NE 

2 

Cloudy, 

7 

0 

35 .° 

40,0 

29.79 


NNE 

I 

Fine. 

2 

0 

49.5 

43>5 

29,84 


E by N 

2 

Fine; 

' 7 

0 

41.0 , 

41,0 

30,04 


SE 

I 

Fine, 

2 

o' 1 

52.0 

4 S .5 

45 .° 
j 46,0 ! 

29,98 


SE 

I 

Fine^ 

7 

°l 

29,51 

0,203 

S by W 

[ 2 

Rain.,, 

2 

o| 


■£ M. 

29 ^ 5 ° 


sw 

2 

Rain,. 

' 7 

0 

57.0 

53»5 

29,45 

0,010 

sw 

3 

Rain. 

a. 

0 


5 6 >o 

29,48 


sw 

■ 3 

Fair.. 

! 7 

0 

53 .o 

55 .o 

29,64 

0,032 

sw 

2 

Fair, 

2 

0 

61,0 

5 6 >5 

29.55 

o ,©75 

sw 

2 

Fine* 

- 7 

0 

45 .° 

55.0 

29,62 

Wb’yN 

3 , 

Fair.,. 

2' 

0 

63. 0 . 


29,76 


W by N 

, 3 

Fine.. 

; 7 

0 


49 .o 

30,08 

0,011 

W 

1 

Fine. 

2 

0 

55 .o 

5 6 .5 



W 

: 2 " 

Fair.,,; 

> 7 

0 

4 L 5 

47.5 

3°> 2 3 

0,023 

W by S 

X 

Fair. 1 ' 

2 

0 

54.5 

50.5 

30,18 


W by N 

1 

Fine.,, 

} 7 

0 

4050 

4 S9O 

30,18 


NE 

1 

Fine. ' 

2 

0 

£jl 5 0 

4 8 .5 

30,16 


NE 

1 

Fine. , 

5 7 

0 

' 43 .° 

46,5 

3 o,i 3 


E by S 

1 

Fair. 

2 

c 

' , 56,0 : 

5o,o 

29,98 


NE ' 

x 

Fair. 

l 7 

0 

1 46,0 , 

47.0 

29,84 


E by S 

1 

Fine. 

■ 2 

c 

>' 55>5 ^ 

53.5 

29,80 


E by S 

2 

Fair. 

> 7 

c 

1 47>° 1 


29 ,58 

0,200 

E by S 

X 

Rain. 

2 

0 

: 59 .o 

1 53 . 5 - - 

29,59 


SE " 

‘I , 

Fair.: 

—1— 


W eather. 


-irrr 
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meteorological journal 

for May 1777. 

' 

rmic.r 

[Therm. 

rhcrra. 

Haronu 

Rain* 

Winds 





\ 

vithout 

within. 


















H.M. 



BB 





May 1 

7 

0 

's°»s 

53>5 

2 9>55 

0,137 

ssw 

X 

Cloudy* 



‘O 

64,0 

S 6,5 

29 j 47 


S by E 

I 

Fine* 


7 

0 

55,6 

56,5 

29,34 


S I>y E 

I 

F air* 


2 

b 

59)5 

5^*5 

29,34 


ssw 

X 

Fair* 

•3 

7 

0 

54,0 

S7 jo 

2 9,33 

0,075 

WNW 

2 

Fine# 


2 

0 

6i,S , 

59 , 0 

29,39 


SSW 

2 

Fair* 

•4 

■7 

6 

5 L° 

5^,0 4 

29,41 

0,216 

SE 

X 

Rain* 

t \ 

a 

d 

62,0 

L 

S %5 

29,38 


SW 

* 

Fine. 

!■ : 5 

7 

Q 

, 5 , 3^5 

57,0 ;; 

29,67 

0,030 

S by W 

I , 

Fair, 

1 : . 

2 

0 

6i s o 

58,5 • 

29,76 


SW 

I 

Fine* 

ji 6 

7 

b 

, 5 V>. 


29,81 

0,030 

SE 

x , 

Fair. 

1 1 

2 

0 

65,0 

| 59 ,o 

29,74 


SE 

X 

Fine* 

i 7 

7 

0 

5 L 5 . 

5 6 >5 , 

29,85 

0,033 

W by N 

2 1 

Fine. 


2 

0 


59 ,° 

* 9 > 9 l 


W by N 

1 , 

Rain* 

1 8 

7 

0 

sh°: 

55,5 ' 

3 °, 15 

o,oxx 

SW 

X 

Fine* 

l, 

2 

c 

66,0 

j 59 ,° 

3 o,i 3 ' 


SW 

X 

Fine* ; 

s 

7 

€ 

54?5 

55 ,o 

^ 9?93 


■NE ' 

X 

Fair* 


2 

C 

62,0 

59?5 

29,92 


NE 

X 

Fair* 

IC 

7 

c 

47,5 

54 ?i> 


1,490 

NE ■ 

2., 

fair# 


% 

0 

6o,o 

57,0 

30,0a 


NNE 

1 

fine# 

■ x1 

7 

b 

53,0 

| 55 ,o 

30,08 

*' 

N by W 

X 

Fine# ' 

i * 11 

2 

c 

60,0 

iS^io. 

30,04 

, 

•NW - 

■X , 

Fair* 

)■ : 12 

> 7 

C 

47 »° 


54 >° 

30,00 

p,bxo 

NW 

I 

Fine# 


2 

c 

. 58,0 


3 $*S 

30,03 


■NW 

I 

Fine* 

I 5 

\ 7 

c 

52,5 

; 54 ,o, 

.30,00 

DjOXO 

SSW 

■ X 

Fine#; 


2 

c 

■6o,o, 

57 ,o 

29,86 


ssw 

2 

Fair# 

*4 

r 7 

c 

. r 49 *S' 


55 »° 1 

39,55 

O5O4O 

wsw 

X 

Faix - # 


2 

d 

,S- 9 j° 


57 , 5 ',; 

29,48 


SW . 

X , 

Fair* ' . 


f 7 

,.’jc 

>- 47 , 5 - 


i 5 &r& •* 

29,35 

o,a?x 

:: SW 

'X ■ 

Rain*. . » : 

i 


K 

5 2 ,° 


56,0 

:^ 9, i 33 


SW 

X 

Rain# 1 

: j6 


B 

48,0 


5 L 5 

29,40 

0,238 

! NE 

J 

Rain* 



B 

53,5 


55 >o 

29,44 


NEbyN 

I 

Fair* ' 111 ' ' 


METE 5 - 
























MET.EOROLOGICA'L J0U-RNAL- 

for May 1777 * 


jMayi7 7 


lime. 

Therm.r 

without' 

FhermJBarom. Rain, 
within. 

Winds. 

H.M. 

1 ■ 

Inches Inch. 

-fe 

Points. jStr. 

.IP 1_IT t T 


Weatlier. 


2 o 54,5 
7 o 44,° 

1 o 60,5 
ig 7 o si,5 

2 o 58,0 

20 7 O 47)° 

2 0 53,° 

21 7 O 46,5 

2 o' 59,0 

22 ° 5°,5 
2 o 63,0 

23 7 3° SI,5 

2 o 63,0 

24 7 0 53,° 

2 o 57,S 

5 7 o' Si,S 
2 o 63,5 
;6 7 O 52,0 
2 o 53,0 
!7 7 0 53,° 
2 0 66,5 

28 7 5 8 , 0 

2 o 67,5 

29 7 0 Si’S 
20 61,5 

30 7 57>° 

2 6-4,0 

31 7 59>° 


54,0 29,67 

52,0 29,77 
54 ,o 29,77 
53 ,°' 2 9 j 77 
56,0 29,73 

54,0 29,60 


29 7 0 

2 0 

30 7 o 
2 o 


36,0 29,86 

54.5 29,82 

58,0 29,80 

55.5 2 9’7« c 

58, S 29,83 

57.5 29,63 

58,0 29,5s 
57 >° 29,57 1 

62,0 29,57 
57,0 29,77 ' 

i S^, 0 29,85 
58,0 29,91 

60.5 29,95 

60.5 30,06 

63.5 30,12 
S3)° . 3°>20 

60.5 50,20 
60,0 30,12 

-< 9 ,° 30,06 

, 60,5 30,13 
I 64,0 130,09 


NE by N 
NW 

wsw 

SE 

j - NE 
0,728 NE 
NE 

0,410 NNW 
* NNW 


S by W 
WSW 1 
1 0,180 SE 
SW 

s 

NW 

o,oioSWbW 

SW 

0,038 NNE 
NE 


SW 

SW 

N by E 
NW 
NE 

; SE 
E 
SE 
SE 
SE 


x Fair. 

1 Fine, 
i Fine, 
x Fair. 

1 Rain. 

1 Fair. 

1 Rain. 

| 1. Fair, 

1 Fair. 

1 2 Fine, 
i Fine. 

1 Fine, 
i Rain. 

1 • Fair. 

' x Fine; 

x; Fine.- 
x Fine. 

2 Rain. 
1 Fine. 
1 Fine; 

i 1 Fine. 
1 Fine. 
1 Fair. 
1: Fine. 
1 Fine. 


1 Fine. • 
i Fine. 

1 j 7 Fine*. 


jl&TE 
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meteorological journal 

for June 1777- 


Time. Therm. Therm. Barom. 
without within. 


iRain. I Winds. 


Weather. 


H.M. 


June x 7 
2 

2 7 


o 66,o 

o 54>5 

o 67,0 

o 53>° 
o 60,0 
o 50,0 
O 55,5 
o 47,5 

o 54,o 

.0 49,5 
o 52, 0 

O 47,5 
o 6.0,0 
0:56,0, 
O 64,0 
O 55,0 
o, 64,0 
O 57,0 

O 61*0 

o 58,5 

o 63,0 


Inches Inch. Points. jStr. 


30 , 3 ! 

3°’ i 9 

30,01 

29,98 

29,97 

29,95 

29,92 

29,88 

29,77 

29.75 

29, ( ?6 

29.76 

29,76 

29,72 

29,65 

29 76 
’ 29,81 

29.83 
29,86 

29.84 


S 

wsw 

w 

wsw 
S by w 
SE 

S by W 
bW 

N by W 
NW 
NNE ' 
NE 
ENE 
NW 
, NW 
NE | 
N by W 
NNE 
NNW 
NW 
C. 3 » «$J* 

0,110 NNW 
NW 
■ gsw . 
sw 

0,174 wsw 

: 'SW ' 

0,1698 by W 
S by W 
Sby-W 
0,0498 by W 


l Fine. 

1 Fine. 

1 Fair, 
x Fair.. 

1 Fair. 

1 Fine. 

1 Fine. 

1 Fine. 

1 Fine, 
x Fine, 
x Fine. 

1 Fine. 

1 Fine. 

1 Fine* 
i Fine. 

1 Fine, 
a Fine, 
a Fair. 

1 Fair. 

■ jCloudy* 
1' Fair. 

1 Rain, 
i 5 Fair, 

1 1 Fine, 
x Fine* 
a Fair* 
a Fine* 

1 Fine. 

' x Cloudy* 

.' a Raid., 

1 Cloudy* 
I a Rain, 


UA T E- 
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METEOROLOGICAL JOURNAL 

for June 1777 * 


- 

rime.n 

V 

fherra. I 
without y 

"herm. b 
within. 

>arom. t> 

.ain, j 

Winds, 

- Weather, 

I 

1 M. 



inches 

nch, | 

Points. Sti 

• 

Junei7 

18 

19 

20 

21 

22 

a 3 

24 

■as 

a* 

2! 

' 1 2 

' . '3 

7 0 

2 0 

7 0 
2 0 
7 0 
2 0 
7 0 
2 0 

7 0 
2 0 
7 0 
2 0 

7 0 
2 0 

7 . c 
2 c 

; 7 c 

2 c 
> 7 C 
2 < 

1 7 < 
2 ' 

8 7 1 

2 

9 7 

2 

o, 7 

2 

58,0 
63*5 1 

54=5 

66.5 

57 =° 

61,0 

57=5 

63,0 

57=5 

67,0 

60,0 

62.5 
5 2 =5 

- 59 =° 

' 53=5 
» 6o,o 

> 53=5 

5 65,0 

3 61,5 

3 7 °>° 

3 5655 

0 62,0 
0 ! 55,0 
0 66,5 
0 | 7 =° 

0 683O 

p S 7 >° 
0 68,0 

6l,0 2 

64,0 I 
60,0 
62,5 

6 1 .5 

63=° 

62)0 

65,0 

62,0 

65=0 

64,0 

64=5 

60.5 

62.5 
60,0 
61,0 
59,0 
61,0 
62,0 
64,0 
62,5 

62.5 

60.5 
62,0 
61,0 
64,0 

-■ ' 6 ^* 5 ; 
64,0 

19=73 

29,81 

30,10 

30= 1 7 
30,14 
30=05 

2 9=74 

29,66 

29,72 

2 . 9=77 

29,74 

29=74 

29= 8 3 

29=90 

29=97 

30,11 

30=35 

30=42 

30,H 

29=99 

29=76 

29=77 

29=99 

29,85 

29,89 

29=83 

29,70 

[29=78 

0,215 

0=377 

1,109 

0,176 

0,344 

0,40* 

0,26c 

o,ox< 

0,13 

0,09 

SW I 
SW I 
WSW 1 
WSW X 
SSW I 
SW 2 

SW I 
SW 1 
W j 

w 

W by S 
SW 
NbyE 

E by S 
; NE 

NE 

> NNW 
NW 
SW 
SW 

3 SWbW 

NW 

3 NW 
SW 

w 

SW 

2 W by s 
SW 

Cloudy. 

Fine. 

Fair. 

Fine. 

Cloudy. 

Cloudy. 

Cloudy* 

Fine. 

Fine. 

'Cloudy* 
t Fine. 

1 Rain. 

1 Cloudy, 
i- Cloudy. 

1 Fine. , 

r Fine. 1 

i Fine, 
i Cloudy, 
i Fine, 
i Fine, 
i Fine, 
i Cloudy, 
i Fair, 

i Fine, ' | 

1 Pair*', 

2 fair. 
i Fair. 

■ t Fine* .! ' ^ .. 

. 1 .*. 
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METE- 
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METEOROLOGICAL JOURNAL 

for July 1777* 


1 imc.| I herai. Therm, 
without within. 


H.M. 1 


[July 


IO| 

II 

iii 

*3 

i 4 | 

1 5 

16 


7 

2 

7 

2 

7 

2 

7 

2 

7 

2 

,7 

2. 

.7 

2 

7 

2 

7 

2 

7 

2 

,7 

2, 

■7 

■ 2 

7 

2. 

7 

2 

7 

2 

7 . 

- 2 


■0 


S8>° 

■61,0 

58,5 

68,0 

61,0 

63,0 

57’° 

64,0 

5S,o 


5 ‘ 8 .S 

63,0 

60,0 

57, ° 
35,° 
61,0 

55->° 

58 . ° 
54,5 
£9>5 


0, 
78,0 

•fit: 

76,0 

67*5 

81,0 


61.5 

62.5 
6*,S 
63 >S 
63,0 

64.5 

63,0 

64,0 

60.5 

63.5 

62,0 

63.5 
6 2,0 
62,0 

59.5 
62,0 

58.5 

59, 0 

58,0 

60.5 

6 1 .5 

65,0 

66,0 

68,0 


Barom. 


Inches, 


7P s o 

68,5 


72,0 

74,0 


29,70 

29-57 

29,68 

29,72 

29,72 

29,66 

2 <M 7 

29,58 

29.53 
.29.61 
30,00 
3°,07 
3°>°5 
29,88 
29,82 

29.85 

3°.H 

3°, 2 3 

30.33 
30,39 

30.39 
30,37 

30.34 
30,34 
3°,37 

36.39 

30.40 
30,45 
30,34 

30,29 

34 , 22 . 


Rain. 


Inch. 


Winds. 


W cathcr. 


Points. 


Str. 


0,372 

0,702 

0,120 

0,480 


SSE 
E by S 

wsw 
sw 
sw 
. SE 
.y 


0,031 

0,291 

0,023 


SW 
W 


sw 
wsw 
sw 
sw 
w - 

N 

NNE 

NW 

N 

N by W 
SW 
NW 
SSW 
SW 
MNW 
NW 
W by N 
SW 

W by N 

., 

S 


Clotrdy. 

Cloudy. 

'Fair. 

Fair. 

Fine. 

Rain. 

Fine. 

Fine. 

(Rain. 

Fair. 

Fair. 

Fair. 

Fine. 

Rain. 

jCloudy. 

Fine. 

.Cloudy, 

Cloudy. 

Fair. 

Fair. 

[Fair. ■ 

Fine. 

Fair. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 


METE- 
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METEOROLOGICAL JOURNAL 

for July 1777. 


lime, r 

Flierm. 

without 

Flierm. . 
vithin. 

3 arom. 

Rain. 

Winds, 

. 

Weather* 


H. M. 


5 

nches. 

Inch. 

Points. 

Str. 

July 17 

7 

O 

66 3 o 

72,5 

30^4 


s 

0 

Fine. 

2 

O 

84,0 

74,0 

29*97 


sw 

1 

Fine. 

x8 

7 

O 

64,5 

73.5 

29,92 


N 

1 

Fine* 


2 

0 

79 ,° 

75*5 

29,90 


NW 

1 

Fine. 1 

x 9 

7 

O 

65 >0 

7 2,5 

29,81 


WNW 

1 

Fine. 

2 

O 

73 *° 

73*5 

29,81 


NW 

1 

Fair. 

20 

7 

0 

58,5 

69,0 

29,60 

1,120 

N 

1 

Rain. 


2 

0 

65*5 

7°>5 

29^73 


NW 

1 

Fair. 

21 

7 

0 

57 ?° 

6 3*5 

29556 

1,194 

NE 

1 

Rain* 


2 

0 

60,0 

67,5 

29559 


NE 

I 

Fair* 

22 

7 

0 

56,0 

63*5 

29,87 

0*235 

NEbyN 

2 

Fine* 


2 

0 

67,0 

66,0 

29,88 


SE 

I 

Fine. 

23 

7 

0 

63,° 

64*5 

29*73 

0,045 

SSE 

I 

Cloudy. 

2 

0 

73 *° 

68,5 

29*67 


Sw 

I 

Cloudy. 

24 

7 

0 

58,0 

67 *5 

29558 


sw 

I 

Fair. 

2 

0 

68,0 

67,5 

29,55 


sw 

I 

Fair. 

25 

7 

0 

53*5 

62,5 

29,71 

°* 1 73 

: NNE 

1 

Cloudy. 


2 

0 

62,0 

$ 4*5 

29579 


; NNE 

I 

Cloudy. 

26 

7 

0 

545 ° 

60,5 

29*94 


N by W 

2 

Erne- 


2 

0 

60,0 

62,0 - 

29*95 


NW 

I 

Cloudy. 

27 

7 

0 

56,5 

60,5 

29,91 


W by N 

I 

Fair. 

2 

0 

65,5 

£> 3 >S 

29,89 


■ SW 

I 

F air. 

28 

7 

0 

1 S 7 >°' ■ 

61,0 

29*89 

0,01 c 

• SW bW 

I 

Rain. 

a 

c 

1 68,0 

63,5 

6.9,85 

0,366 

sw 

■ I 

Fbe. , , 

■ ag 

7 

c 

4 5 &* 5 : 

62,5 

29,68* 

t&E by,;S 

• I 

Fair. 

a 

C 

» ifitojbi'. 

, 62,5 

69*54 


SE 

f i 

Clpudyir 

3 C 

1 7 
2 

c 

c 

» 57 *# 
j 67,0 

62,s 
64 j 5 

29,52 

29,51 

0,181 

. . SW 
SE 

, ■■ 1 

• 1 

^Cloudy, , fl 

Cloudy. ■ , 

3 1 

7 

c 

> 5^0 

62*0 

29,31 

' 0,30c 

); SE 


Ram. 

* .. ' '' 

2^ 

c 

>| 6a,0 

64,0 

29,46 


■■ Rb ■ 

2 

,, ■■ , : ,. 

... . .x .. . 


' ykj!"* ^ */ 3 -• 1 ... ^ 

4 Bi. . ■' ; ■ : 1 'fefc* 
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METEOROLOGICAL JOURNAL 

for Align ft 1777. 



P lined' 
\\ 

Phenn. 

vithout 

riici m, 

within. 

Bare m. 

Ruin. 

Winds, 

Weather. 


H. M. 



[aches. 

fnch* 

Points. 

Str. 

Aug. 1 

7 «q 

57 ,° 

62.0 

29,61 

0,366 

SW byS 

1 

Pair. 


2 0 

60,0 

65,0 

29,65 


SW 

1 

Fine, 

2 

7 0 

5^5 

63,0 

29,86 

0,010 

W by N 

1 

Pair. 


2 0 

62,0 

03,5 

29,98 


NW 

1 

Cloudy*. 

3 

7 0 

55)5 

61,5 

30,17 


NNW 

1 

Pine, 


% , 0 

67,0 

63,5 

30,23 


NW 

1 

Fine. 

4 

7 0 

• 57 . 0 ' 

62,5 

30,24 


S by W 

1 

Fine* 


2 0 

7 M. 

65,0 

30,18 


SW 

1 

Fine* 

5 

7 ° 

58,5 

63,5 

30,04 


SW 

X 

Fair; 


2, 0 

6 5>5 

65,0 

29,97 


SW 

X 

Fair*.' 

6 

7 0 

s^>s 

62,0 

29,95 


S by W 

1 

Pair. 


2 0 

70,0 

65,0 

30,01 


SW 

X 

F air. 

7 

7 ° 

S8.0 

63,5 

30,09 


SW bS 

I 

Fine. 


2 C 

7 a ,5 

67,5 

30,05 


SW 

X 

Fine. 

8 

; 7 c 

• 63,5 

65,5 

29,84 


ssw 

% 

Fair. 


2 c 

• 82,0 

7 °,° 

29,84 


ssw 

l 

Fair. 

5 

\' 7 0 
2’ 0 

’ 6 7 ,° 
69,0 

69,0 

71,0 

29,63 

29,78 


SW 

SW 

t 

t 

Fine. 

Fair. 

' , 10 

» 7 'O 

59,5 

64,5 

29,98 


SW j 

X 

Fine, . 


a 0 

\ 70,0 

68,o 

30,04 


SW 

1 

Fine. 

. XX 

7 , € 

. 62,0 

66,0 

29,97 


SSE 

X 

Fine, 


a c 

1 75 ,S 

68,5 

29,94 1 


SW 

I 

Fine. 

' n 

* 7 c 

1 65,5 

68,5 

30,01 


SW 

X 

Fair. 


■ ■ 2- C 

1 77,0 

72,0 

30,01 


SWbW 

X 

Fair. 

l c 

: 7 “c 

• 62,0 

69,5 

■ 

0,020 

NE 

t j 

Cloudy. 


% ' 'C 

’ 

7*»5 , 

30,29 


NE 

1 

Fine. 

14 

« 7 C 


70,0 

30,36 


wsw 

t 

Fine, 

*5 

2 C 

7 c 

> ■ 78,0 

1 60,5 

; 7 ) 6 , 

mm 


SW ! 
W by S 

t 

1 , 

Fine. 

Fine. 


2 c 

7 6 ,5 

72,5 

30,2a 


WNW 

m i 
1 1 

fine. 

" 16 

7 0 

01,0 

7.6,0 

30,15 


ssw | 

X 1 

Cloudy. . 


2 0 

78,0 

74,0 

130,25 


W by N, 

t ! 

Fine. 


MITE- 





METEOROLOGICAL JOURNAL 

for Auguft 1777.. 



Time. 

i he mi. 
without 

Therm. 

within. 

Barom. 

Rain. 

Winds. 

Weather 

H.M. 


* 

Inches 

Inch. 

Points. 

Str. 

Aug. 17 

7 

0 

62*0 

7 L 5 

3 °, 1 4 


1 MW 

1 

Fair. 


2 

O 

74,0 

7 2 ,5 

3300 


NW 

1 

Fine. 

18 

7 

O 

62,0 

69,5 

3°,°7 


NE 

1 

Fair. 


2 

O 

7 °,° 

7°,5 

3 °,i6 


NE 

1 

Fine. 

r 9 

7 

O 

59 >° 

66,5 

30 , 09 - 


NE 

1 

Fair* 


2 

O 

75 »° 

70,0 

30,05 


SE 

1 

Fine* 

20 

7 

O 

59 >° 

67,° 

3°,°5 


1 ENE 

1 

Fine. 


2 

O 

8o,o 

7 °,° 

30,05 


NE 

1 

Hne. 

21 

7 

O 

64^5 

68 , 5 , 

29,83 


SWbyS 

17 

Fair. 


2 

O 

68,0 

69,0 

29,78 


SW 

I 

Cloudy.. 

22 

7 

O 

66,0 

66,o 

29,86 

0,062 

sw 

2 

Fine. 


2: 

O 

69,0 

68>o 

29,93 


WbvS 

2 

Cloudy.. 

23 

7 

O 

61,0 

65*5 

3°,°9 


ws'w 

l 

Fair. 


2 

O 

69,0 

67,0 

30,12 


sw 

I 

Fair. 

24 

7 

0 

58,5 

65,0 

30,05 


sw 

O 

Fair., 


2 

0 

74,0 

68,0 

29,98- 


sw 

2 : 

Fine. 


7 

0 

63,° 

67,0 

29,95 


. sw 

X 

Cloudy. 

26 

2 

7 

0 

0 

74,° 

64 0 

7°>° 

69,0 

30,03 

30,20 


sw 
‘ sw 

I 

I 

Cloudy. 

Fair." 


2 

0 

76,0 

71,0 

30,3! 


sw 

I 

Fair. 

27 

7 

0 

56,S 

66, 5., 

30,45 


NE 

1 

Fine. 


2 

0 

73>° 

70,0 

30,43 


SE 

I 

Fine. 

28 

7 

0 

59,5 

66,5 

30,26 


E by S 

I 

Fine* 


2 

0 

7*>° 

70,0 

30,14 


SE 

X 

Fine. 

29 

7 

0 

64,0 

68,5 

29*95 

0,032 

W by S 

X'\ 

Cloudy* 1 


'2 

0 

70,0 

69,0 

30,0a ■ 


NW 

r 

Fine. 

3 ° 

« 7 , 

0 

5 . 5 >° 

65,0 

29,93 


NE 

£ 

Cloudy., 


2' 

0 

59>5 

66,0 

29,73 


SSE 

' I 

Rain. 


7 

0 

56,0 

. 54,5 

29,50 

0,585 

WNW 

2 

Fair*, 

%* 

'2 

c 

1 60,5 

64.5 

29,78 


NW 

a 

Cloudy. 
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meteorological journal 

for September 1777. 



Time. 

Therm' 
with oil t 

Therm. 

within. 

Barom. 

Rain. 

Winds- 


Weatl 

H. M. 



Inches. 

Inch, 

Points. 

Str, 

Sept. 17 

7 

0 

47,0 : 

54,5 

30,19 


by W 

1 

Fine. 


2 

0 

68,0 

6o,o 

3 ° 7 x 9 


SW ; 

I 

Fine. 

18 

7 

0 

5 6 ,5 

59,0 

3 °, *5 


bE 

I 

Cloudy**. 


2 

0 

7 i,° 

67,5 

30*12 


ScE 

1 

Fine, 

19 

7 

0 

5 b 5 

60,0 

3050S 


SE , 

1 

Fair. 


2 

0 

■ 70,0 

62,5 

30,0! 


SE 

1 

Fine.,, 

20 

7 

0 

5^,0 

61,5 

3 °?°S 


NE 

1 

Fair. 


2 

0 

61,5 

61,5 

3C51 ^ 


NE 

1 

.Fine, 

Si 

7 

0 

47,0 

56,5 

29,96 


NE 

1 

Fine, 


2 

0 

59,0 

60, s 

29,84 


NE 

1 

Fine. 

22 

7 

0 

5 LO 

58,5 

29,69 


W by S 

1 

Fine. 


2 

0 

60,0 

60,5 

29,79 


NW 

1. 

Fine.,, 

23 

7 

0 

• 42,5 

55,5 

29.99 


SSW 

1 

Fine, 


2 

0 

60,0 

58,0 

30,03 


N W 

I 

Fine, 

24 

7 

0 

485,0 

54,5 

29,97 


ESE j 

i 

Foggy-. 


2 

0 

63,0 

57,0 

29,92 


SW 

1 

Fine. 

25 

7 

0 

49,5 

55,5 

29,82 


E by 35 !, 

% 

Fair. 


2 

0 

67,5 

58,5 

29,82 


SW 

1 

Fine.. 

26 

7 

0 

5 6 >° 

58,0 

29,74 


SE 

t 

Fine., 


2 

0 

75 ,o 

66,0 

29,71 


SE 

1 

Fine. 

27 

7 

0 

60,5 

64,0 

29,90 

0,220 

S byE 

1 

I Fair, 


2 

0 

72,0 

66,5 

29,91 


S by E 

1 

.Fine.'., 

28 

7 

0 

62,5 

65,5 

29,99 


, E 

1 

Cloudy* 


2 

0 

7 6,5 

70,0 

30,00 


ENfE 

X 

I Fine*. 

29 

7 

0 

■60,0 

66,5 

29,94 


NE 

1 

Tine. 


2' 

"O 

69,5 

68, S 

30,02 


SW 

t 

Cloudy*,. 

3 ° 

' 7 

.0 

1 ' 57 ,o 

, fs>5:. 

30,10 

.0,073 

SE 

1 

’Fine. 


2 

■0 

1 67,0 

68,0 

30,06 


SE 

1 

Fine. 
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METEOROLOGICAL JOURNAL 

for October 1777. 




Time. Therm. Therm. Barom. Rain, Winds, 
without within. 


H.MJ 


Inches Inch. Points. |Str. 


Weather. 


Oft. 17 7 
18 7 


o S 3? 0 
o 60,0 
O 

o $8>o 
o 44,0 
o 52,0 
o 44 j 5 
o 56,5 

O 39,5 
o 47 ,° 

0 35,5 
o 45,0 
o 40,0 
o 52,0 
0 44.5 

o 52,0 
o 47,0 

O 5655 

O 53 »° 
o 59,0 
o 43,0 
0 5L° 

■■ o 54i;5:' 
0 $W. 
0 pip- 
' 0 

o 53 >S 
O' S 3,5 
0 43,0 


57,5 

59,° 

57.5 

58.5 

6 3.5 

54,o 

51,0 

54 ,o" 

47 ,o 

47,0 

43.5 
44 ? 5 
4 2 >S 
4 S?° 

46.5 

48,0- 

46,0 

53 ,° 

5 G 0 

53 ,° 

l 5 hS 

■52,0 

• 46.5 

:;: 4B S 0' 

; 5 °, 0 " 

5 1 , 0 

' 53 ,° 

" 5 ®,° 

• 53,5 


29,71 

29,74 

29,93 

30,02 

30,14 

3 0 ,25 

30,20 

30,18* 

30,22 

3°, 16 

30,11 

30,04 

29,81 

29,7 5 
29,78 

29,81 


29,78 

29,71 

29,29 

29,46 


0,087 sw 

sw 

0,992 N by E 
NE 

0,018' NW 
NE 
ENE 
NE 
E by S 
ENE 
ENE 
SE 

Eby N 
g£ ' I 

0,034 ssw 

* sw 
. sw 

SW :• 

SW 

sw 

.0,010 SW 
SW 

..ssw 

sw 

0,223 S* by W 
’ NE 

0,497 S by E 

ssw 
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ata in the Meteorological Journal for the year 1776 
Vol. LXVII. Part I. Page 382 ; 

Rain in January, 1776, fir 1,157, read 1,167. ; 
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XXVI. An Account of the ljland of St. Miguel. By Mr,. 
Francis Mafibn, in a Better to Mr. William Alton, 
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I 


HAVE vifited the greateft parts of this 


SIR, 

Read April 2, 

m8 ‘ A ifland, and find that its pen 
greatly from thole of Madeira* infoniuch t 
the trees of the latter are found here, except the 


St. Miguel, ' 
AhguRfO/'XW*: 


vol. lxvhi. 


4 E 



none of 
a: it 



6o-a 


Mr. mass ox’s Account of 


ha-; a nearer affinity to Europe than Africa. The moun¬ 
tains are covered with the erica vulgaris, and an elegant 
evcr-green ihrub very like a pbillyrea, which gives them 
n moil beautiful appearance. Notwithftanding this 


ifland has been frequently vilited by Europeans, I cannot 
help communicating to you a few of its Angularities. 

It is one of the principal and moft fertile of the Azo¬ 
rian iflands lying nearly Eaft to Weft ; its length is about 
eighteen or twenty leagues; its breadth unequal, not ex¬ 
ceeding five leagues, and in fome places not more than 
two. * It contains about eighty thoufand inhabitants. 

Its capital the city of Ponta del Guda, which contains 
about twelve thoufand inhabitants, is fituated on the 
South-fkle of the iiland, on a fine fertile, plain country, 
pretty regularly built ; the ftreets ftrait, and of a good 
breadth. It is fupplied with good water, which is 
brought about the diftance of three leagues from the 
neighbouring mountains, d he chuiches and othei re¬ 
ligious edifices are elegant and well built for fucli an 
ifland- There is a large convent of Francifcan friars 
and one of the order of St. Auguftin, four convents for 


profeffed nuns, and thred Recolhimentos for young wo¬ 
men and widows who ale hot profeffed. The vefTels 
anchor in an open road; but ft is dangerous,, as hq: 
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wind can prevent their going to lea in cafe of ilormy 
weather. 

The country round the city is plain for feveral miles, 
well cultivated, and laid out with good tafte into fpacious 
fields, which are fown with wheat, barley, Indian corn, 
pulfe, 8cc. and commonly produce annually two crops; 
for as foon as one is taken off, another is immediately 
fown in its place. The foil is remarkably gentle and 
eafy to work, being for the moft part compofed of pul¬ 
verized pumice (tone, There are in the plains a number 
of pleafant country feats, with orchards of orange trees, 
which are efteemed the bed: in Europe. 

The fecond town is Ribeira Grande, fituated on the 
North-fide of the ifland, containing about as many in¬ 
habitants as the city; a large convent of Francifcan 
friars, and one of nuns. It gives title to a count, 
called the Conde Ribeira Grande, who firft inftituted 
linen and woollen manufactories in the ifland. 

The third town is Villa Franca, on the South-fide of 
the ifland, about fix leagues Eaft of Ponta del Guda. It has 
a convent of Francifcan friars, and one of nuns, vyhich 
contains about three hundred. Here, about half a mile 
from the ihore, lies a final! ifland (flhao) which is hol¬ 
low in the middle, apd.eQptaihsf,^y'%e. 1 bafbn with 
only one entrance into it, fit to hold fifty fail of veffels 
, ^ , . 4 E a'f'ifecure 
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fecure from all weather; at prefent it wants cleaning out, 

as the winter’s rain wafhes down great quantities of earth 

into it, which has greatly diminifhed its depth. But 

vefiels frequently anchor between this ifland and the 

main. 

Befide thefe towns are feveral fmaller, viz. Alagoa,. 
Agoa de Pao, Brelanha, Fanaes de Ajuda, and a number 
of hamlets, called Lugars, or Places. 

About four leagues North-eaft from Villa Franca lies 
a place called the Furnas, being a round deep valley in 
the middle of the Eaft part of the ifland, furrounded 
with high mountains, which, though deep, may be eafily 
afcended on horfeback by' two roads. The. valley is 
about five or fix leagues in circuit, the face of the moun¬ 
tains, which are very fieep, is intirely covered with beau¬ 
tiful ever-greens, viz. myrtles, laurels, a large fpecies of 
Bilberry, called uva de ferra See. and numberlefs rivu- 
lets of the pureft water run down their fides. The valley 
below is well cultivated,, producing wheat, Indian corn,, 
flax, &c. The fields are planted round with a beautiful, 
fort of poplarSf which grow into pyramidal forms, andi 
By their carelefs,: irregular difpofition, together with the: 
multitude of rivulets, which ran in all directions through* 
the valley, a number of boiling, fountains, throwing up> 

('^Mountain grapes.. 

■ clouds- 
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clouds of fteam, a fine lake in tlie South-weft part about 
two leagues round, compofe a profpedt the fineft- that 
can be imagined. In the bottom of the valley the roads 
are ftnooth and eafy, there being no rocks but a fine 
pulverized pumice ftone that the earth is compofed of. 

There are a number of hot fountains in different parts* 
of the valley, and alfo on the frdes of the mountains: 
but the moft remarkable is that called the Caldeira, 
fituated in the Eaftern part of the valley,, on a fmall emi¬ 
nence by the fide of a river, on which is a bafon about 
thirty feet diameter, where the water continually boils 
with prodigious fury. A few yards diftant from it is a 
cavern in the fide of the bank, in which the water boils 
In a dreadful manner, throwing out a thick,, muddy, 
undtuous water feveral yards from its mouth with a 
hideous noife. In the middle of the river are feveral 
places where the water boils up fo hot, that a perfon can¬ 
not dip his finger into it without being fcalded; alfo 
along its banks are feveral apertures, out of -which 
the fteam rifes to. a confiderahle height fo hot that 
there is no approaching it with one’s hand*, in other 
places, a perfon; would think, that a hundred fmiths 
bellows were Mowing altogether, and fulphureousfteam&* 
iftiiing out in thoufands of places, fo' that native fulphur 
is found, in every chink, and the ground covered with it 

■ .. vAflike 
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like hoar froft; even the bullies that happen to lay near 
thefe places are covered with pure brimftone, condenfing 
from the {team that iffues out of the ground, which in. 
many places is covered over with a fubftance like burnt 
allum. In thefe fmall caverns, where the fleam iffues 
out, the people ofteo boil their yams ( inhumes'). 

Near thefe boiling fountains are feveral mineral 
fprings; two, in particular, whofe waters have a very 
ftrong, mineral quality, of an acid tafte and bitter to the 

tongue* 

About half a mile to the Weftward, and clofe by the 
river fide, are feveral hot fprings, which aie ufed by lick, 
people with great fuccefs. Alfo on the fide of a hill, 
Weft of St. Ann’s church, are many others, with three 
bathing houfes, which are moft commonly uied. Thefe 
waters are very warm, although not boiling hotbut at 
the fame place iffue feveral ftreams of cold mine¬ 
ral water, by which they are tempered, according to 
every one’s liking. 

About a mile South of this place, and over a low ridge 
of hillsyiip^a fine 1$£ a^out two leagues in circumfe¬ 
rence, and. vei;|^deep^^e water thick, and of a greenifh 
colour. At the North-end is a plain piece of ground, 
where the fulphureous fteams iffue out in many places, 
attended with a furpiizing blowing noife. I could ob- 
■ , ferve. 
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with the faid diforder, were uling the waters, and had re¬ 
ceived incredible benefit from them; in particular, an 
old gentleman, about fixty years of age, who had been 
tormented with that diforder more than twenty years, 
and often confined to his bed for fix months together: 
he had ufed fhefe waters about three weeks, had quite 
recovered the ufe of his limbs, and walked about in the 
greateft fpirits imaginable. A friar alfo who had been 
troubled with the faid diforder about twelve years, and 
reduced to a cripple, by ufing them a Ihort time was quite 
well, and went a hunting every day. There are many 
•other' inftances of the efficacy of thefe waters, which, 
for the fake of brevity, I muft here omit. 

There are feveral other hot fprings in the ifland, par¬ 
ticularly at Ribeira Grande; but they do not poffefs the 
fame virtues, at lead; not in fo great a degree. 

The Eaft and Weft part of the ifland rifes into high 
mountains; but the middle is low, interfperfed with 
around cpnic hills, all of which have very recent marks 
■of fire; all the parts below the furface confiding of 
melted lava laying very hollow. 

Mod of the mountains to the Wedward have their 
tops hollowed out like a punch-bowl, and contain water. 
Near the Wed end is an immenfe deep valley, like the 
' ' . i ■ Furnas, 
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Furnas, called the Sete Cidades''*'. This valley is fur- 
rounded with very abrupt mountains, about leven or 
eight leagues round; in the bottom is a deep lake of wa¬ 
ter, about three leagues in circuit, furniilied with great 
number of water fowls. This water has no mineral 
quality; neither are there any hot fpr-ings in the valley. 
All thefe mountains are compofed of a white crumbly 
pumice ftone, which is fo loofe, that, if a perfon thruft a 
flick into the banks, whole waggon loads of it will tum¬ 
ble down. The inhabitants of the bland relate a ftory, 
that he who firft difcovered it obferved an extraordinary 
high peak near the Weft-end; hut the fecond time he 
viftted it no fuch peak was to be feen, which he fup- 
pofed muft have certainly funk; but, however improbable 
this ftory may be, at fome period or another it muft have 
certainly been the cafe. 

If you fnould think the account of the mineral waters 
of any fervice to the public, they are very welcome to it; 
and, fhould any perfon venture fo far for his health, a 
fmall ftock of the fuperfiuities of life only need to be 
laid in, as the bland yields every neceffary. The climate 
is very temperate: the thermometer fence I have been 
here has been no higher than 77 0 , commonly from 70* 
■to 75 0 . b' 

. (c) Seven Cities. ' 

Vol. LXVIII. 4F I have 
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I have fent you twelve or thirteen bottles as a fpeci- 
men, which are as follows: 

N . From a cold fountain giving a ftrong acid wa¬ 
ter lying South-eaft from the boiling Caldeira. 

N” a. From a ftrong cold mineral fountain, about 

twenty yards nearer the Caldeira. 

N° 3. From a cold mineral fpring in the valley o 

Foze de Pont. . 

N ” 4, A hot mineral water, from the bathing place 

near tlie river. 

N° 5. A hot mineral water, from the uppei batlun & 
place. 

N° 6* Prom the great Caldeira* 

N° 7. From a thick boiling fountain near the Cal- 

^ eira# 

AUo earth from al} thefe fountains, with their cor- 
refponding numbers. 
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XXVII. An Account of a remarkable Imperfection of Sight, 
In a Letter from J. Scott to the Rev. Mr. Whiffon, 
of Trinity College, Cambridge. Communicated by the 
Rev. Michael Lort, B. D. F. R. S. 


TO SIR JOHN PRINGLE, BART. P. R. S. 


S I R, 

■Read April 9, 
1778. 


Oh! Bond-ftrect, 
April 4, 177®. 



F RIE N D of mine, the rev. Mr. whis- 
son, of Trinity College, Cambridge, 
•being acquainted with a gentleman in Lincolnfhire, who 
-labours under an inability of diftinguifliing colours fimi- 
lar to that of which an account is given in the laft vo¬ 
lume of the Philofophical Tranfabtions, did write to him 
for fome particular information concerning this infir¬ 
mity. The anfwer which Mr. whisson received I have 
now, by his permiflion, the honour of tranfmitting to 
you, to be communicated to the Royal Society, if you 
ihall think it worthy their attention. 

I am, See. 


MICHAEL LORT. 


TO 


4 F 1 
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TO THE REV. MR. WHISSON. 

Rafen,. 

REV. SIR,, May 26, 1777,. 

I REGEIV ED your favour in due time. I ftiould 
liave given you my anfwer fooner,. but have been greatly 
afflicted with the gout. I am very willing to inform, 
you (and take your inquiry as a favour) of my inability 
concerning colours, as far as I am able from my own 
common obfervation. 

It is a family failing: my father has exa&ly the fame 
impediment: my mother and one of my filters were 
perfect in all colours: my other lifter and myfelf alike 
imperfect : my laft mentioned lifter has two fons both 
imperfedt; but fhe has a daughter who is very perfedt: 

I have a fon and daughter, who both know all colours 
without exception; and fo did their mother: my mo¬ 
ther’s own brother had the like impediment with me, 
though my mother, as mentioned above, knew all co¬ 
lours very well. 

Now I will inform you what colours I have the leaft 
knowledge of. I do not know any green in the world; 
a pink colour and a pale blue arealike, I do not know 
one from the other. A full red and a full green the 

fame,. 
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fame, I have often thought them a good match; but 
yellows (light, dark, and middle) and all degrees of blue, 
except thole very pale, commonly called iky, I know 
perfectly well, and can difcern a deficiency, in any of 
thofe colours, to a particular nicety: a full purple and 
deep blue fometimes baffle me. I married my daugh¬ 
ter to a genteel, worthy man a few years ago; the day 
before the marriage he came to my houfe, drefied in a 
new fuit of fine cloth deaths. I was much difpleafed that 
he ftiould come (as I fuppofed) in black: faid, He fliould 
go back to change his colour. But my daughter faid, 
No, no; the colour is very genteel; that it was my eyes 
that deceived me. He was a gentleman of the law, in a 
fine rich claret-coloured drefs, .which is as much a black 
to my eyes as any black that ever was dyed. She has. 
been married feveral years; no child living, and my fon 
is unmarried; fo how this impediment may defeend from, 
me is unknown. 

I have a general good fatis faction in the midft of this 
my inability; can fee objects at a diftance when I am on 
travel with an acquaintance, and can diftinguifii the lize, 
figure, or fpace, equal to moft, and I believe as quick, 
colour excepted* 
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My bufinefs was behind a counter many years, where 
I had to do with variety of colours. I often, when alone, 
met with a difficulty; but I commonly had a fervant in 
the way to attend me, who made up my deficiency. I 
have been, now feven years from trade. My eyes, thank 
-God, are very good at difcernjng men and things. 

If your learned Society can fearch out the caufe of 
this very extraordinary infirmity, and find a method for 
ail.amendment, you will be fo obliging to acquaint me. 

1 am, &c. 

J. SCOTT. 
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XXVIII. An Account of Baptif ms, Marriages , and Burial ; r 
during Forty Tears , /;? the Parijh of Bland ford Forum,. 
Dorfet. Communicated by. Richard. Pulteney, M« D t 
F. R. 


T O D R. W A T S O N,, E-. K.. S-- 

S I R, 

Read Mar. 19, /l 5. the fubjeds- of the following tables 
^ have been much difcuffed of late, I 
take the liberty of putting thefe into your hands, encou¬ 
raged thereto by. your affurances, when I had the plea- 
fure of feeing.you laft in town, that they might not im¬ 
properly be laid before the Royal: Society. If upon in- 
fpedion you fhould continue to think fo, you will do me 
the honour of prefenting them.. 

Exclufive of general curiofity,. I was alfo induced to 
examine the regifter of this place, in order to determine 
how far the general opinion, which gives the credit of; 
extraordinary faiubrity to this country, was founded on 
fad, as far as that could be proved by this, mode of exa¬ 
mination. I found, that the regifter had been kept with. 

fuffitientt 
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efficient accuracy in the ufual method; that, fince the 
recovery of this place from the dreadful fire of 1731, 
icarceiy any new hordes had been built, at leaft on any 
new fite; that no fluctuation in the number of inhabi¬ 
tants from the introduction of any new manufactory, or 
from any other apparent caufe, had taken place; and was 
therefore led to conclude, that the refult might prove 
a tolerably fair one, and more efpecially upon finding 
the excefs of the baptiftns above the burials fo fmall as it 
appears to be. 

In the year 1773, when thefe tables were drawn up, 
I alfo procured the number of the people to be taken; 
by which it appeared, that there were 446 families, 
reckoning a workhoufe of 44 perfons, and three fchools 
containing 92, as four families only, which gives nearly 
4Y to a family. The whole number of fouls in the parifli 
was found to be, males 1174, females 936, total 2110; 
but it muft be remarked, that in this number were not 
included any of the inhabitants of the clofe adjoining- 
villages of St. Mary, Blandford, Brianfton, or Langton. 

From an infpeCtion of table the firft it will be feen, 
that 551 is nearly the average of deaths for 40 years; 
and the average of the laft ten years will appear to be 
54: hence, taking 55 for the average number, which 
alfo will be feen to be the-exaCt number of burials in the 
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year preceding that of the-furvey, it will be feen that 
about 1 in 38 or, 3 9 dies yearly; and, as it can fcarcely 
be doubted, that the errors of a furvey muft be on the 
;lide of omiffion, it may not be too much to allow 1 in 
39 only. 

From this refult, therefore, it is manifeft, that al¬ 
though the falubrity of this place does not equal what 
we read of fome particular villages in the North of Eng¬ 
land, or of the diftridt of Vaud, yet it turns out very 
much in favour of the general opinion, and very far 
beyond that of London and larger towns, where the 
number is found to be from 1 in 20 to 1 in 26 or 28. 

I am, 8 cc. 


4 G TABWS 


Vql. LXVIII 
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Total baptifms. 

Marriages. 

Total burials* 

Males 1133 

832 

Males 109.9 

Females 1042 


Females 1132 

'2175 


2231 


The baptifms among the Diffenters are Brought into 
this account only during the laft ten years, males 39, 
females 54, total 93: if therefore the fame proportion 
is taken for the firft-three decennial periods, the total of 
the baptifms will amount to 2454. 

Small-pox years, of which diftemper died as under¬ 
neath: 


In 1741 

mm 

76 

1753 

- 

40 

1766 


44 



160 


In the year 1756, among the burials, 18 were of fbl- 
diers, who died during the time of the encampment. 

This table does not include the clofe adjoining villages 
of Langton, Brianfton, and Blandford St. Mary. 


4 G 2S ‘TABLE 
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table ii. The annual, average of baptifms and "burials 
in the four, decennial- periods of the foregoing tat>le, 
taking among the baptifms 93 in each period for the 
number among the Diifenters, which appeared to be. 
the exadt number baptized in the fourth period. 


Annual* average of tie’ baptifms in the 
firk ten years, 6g| 695 

-—— fecohd ten years, 6of 605 

—-third ten years, 58^ S ?3 

•-- fourth ten years, 57 iV 571 

In the 40 years,.. 61J 2454 


The excefs of baptifms 
years, ..a 2.3,-. 


Annual average of the burial in the 
firft ten years, 59 590,. 

-fecond ten years, 481 485 

«-third ten years, 615, 

—— fourth ten years, 54 541. 

In the 40 years,. 55I 2231 


over the burials in forty- 


taule 
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table hi. She wing, the whole number of burials m 
each month, and each quarter of the year collectively 
throughout the whole of the above period, difpofed 
in two columns,, in the latter of which, thofe who 
died of the fmall-pox are excluded, ferving to illuftrate: 
the different falubrity of the feafons. 


Winter. 

- 

January 

220 

2,04 

February 

218 

200 

March 

223 

i'9 5 


661 

599 


Spring., 


April 

193 

170 

May 

218 

184 

June 

X90 

166 


601 520 


Summer. 

July 146 

145"- 

Auguft 144 

144 

September 165 

162 

45 5 

45i 

Autumn. 

October 172 

171 . 

November T74 

170 

December 168 

160 

544 

SOL 
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XXIX. Tart of a Letter from Matthew Guthrie, M. D. of 
Peterfburgh, to Dr. Prieftley, F. R. S. on the Antifep - 
tic Regimen of the Natives of Ruffia. 


Read April 30, TREADING the other day the elegant 
I 77 8 * lv p ra ti on of Sir joi-in pringle, on the 
great merit of Captain cook, for which old Rome would 
have loaded his fhip with civic crowns, one part of the 
learned prefident’s dilcourfe drew my attention in parti¬ 
cular, as it regarded this country, and touched upon a 
fabject which I have long paid attention to, viz. the an- 
tifeptic regimen which nature has dictated to the pea- 
fants of this empire* Nothing feems clearer to me than 
that, if nature had tint taught thefe people habits, and 
given them a tafte which galloping travellers treat with 
contempt, they muft undoubtedly have funk under the 
lcurvy, as they are, for the greateft part of the year, ex- 
poled to the influence of thofe pre-difpofing caufes to 
putrid complaints that make the body of the Greenland 
feaman livid; yet under all thefe difad vantages fuch 
feems to be the efficacy of the regimen they obferve, 
that putrid difeafes are Grangers to their huts, and the 
3 Ruffian 
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Ruffian boor enjoys a fiate of health that aftonifnes an 
innabitant of a country where the dreadful conlequences- 
are fb well known of bad air within, exceffive cold 
without, joined to a want of frefn vegetables for a length 
of time. I think you will by no means have your refpecl 
diminiflied for the late difcovered antifeptie agent, when 
I have given in detail the multitude of enemies it has to 
encounter, in preferring from putrid attacks the bodies 
of the people I am treating of. 

The Ruffian boor lives in a wooden houfe, made with 
his own hatchet, his only inftrument, in the ufe of which 
he is moil dextrous: it is caulked with mofs, fo as to be 
very fiiug and clofe. It is furnifhed with an oven, which 
anfwers the triple purpofe of heating the houfe, dreffing 
the victuals, and fupporting on its flat top the greafy mat- 
frafs on which he and his wife lie. From over the oven* 
.which is on one fide of the room, are laid fome boards 
reaching to, and fupported by, the oppofite wall, raifed a 
little above the ftove, fo as to receive its heated air. On 
thofe deep-the children and fecondary perfonages of the 
hut; for the owm itfelf is a luxury referred for the firffi 
Round the room funs a bench with a table in the 
and in sthe corner is a fort of cupboard for the reception 
of Faints., before 3yhom, fnaall Tapers frequently burn, or 
a lamp with hemp oil. During the loiig feverd-winter 
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••feafon, the cold prevents them from airing this habita¬ 
tion, lb that you may eaiily conceive, that the air cannot 
■ be very pure, conlkiering that four, five, or fix, people cat 
and deep in one room, and undergo, during the night, a 
■molt itewing procefs from the heat and eloieneii. of their 
situation; infomuch that they have the appearance of 
'being dipped in water, and raife a fleam and i'nitll in the 
•room, not often fi ve to them Selves, but feared y luppoita- 
ble to the peribn whom curiofity may lead thither. 

Now if it be confidered, that this human diluvium 
•mull adhere to every thing in the room, dpedally to the 
iheep fkins or nrattrafs on which they lleep, the mois in 
the walls, Sec. and that the apartment is never ventilated 
for fix months at leaft; at the fame time that thefe people 
are living occafionall-y upon fait fifth or meat, and the 
whole time without frefh vegetables, expofed likewiic 
when out of doors to a fevere cold atmofphere, the feor- 
butic tendency of which is well known : *1 fay, when all 
thefe dreumJ lances are taken into consideration, if it be 
a fa<£l that * they ate, in fpite of all thofc pre-difpoiing 
canfes, ftrangers-to putrid difeafe, it will fufficiently juf~ 
•tify my firft alTertion, that the regimen nature has 
dictated to thefe people is moft highly antifeptic, and it 
may be doing fervice to,mankind to deferibe it minutely. 

S ' This 
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This I iliall endeavour to do, and it will probably give 
plea!ure to thole gentlemen, who have prelcribed the 
new regimen to the Britilh navy with fo much fuccefs, 
to have the evidence of feme millions to prove, that they 
have actually hit upon the very fecret by which nature 
defends her creatures, in thofe countries where it is nc- 
cellary, from the very difeafe which has been tiie icourgc 
of the nobleffc naval eftablifhment that ever the world 
faw. Nay, one would think, that the diet thefe peo¬ 
ple ufe had been dictated by modern philofophy, or ra¬ 
ther that your Prcfident, your macbride’s, Sec. had 
ftudied at this fchool; for almoit every thing they ule 
feems to be of that kind which the fortunate attention to 
the antifeptic qualities of fixed air has recommended for 
medical ufe. Here the experimental philosopher may¬ 
be indulged in a triumph; and 1 really think your lords 
of the admiralty ought in gratitude to ered fhtues to 
the mduitrious and fuccefsful prolecutors of that noble 
and ufeful ihidy. 

The only part of the food of our Northern people, 
that does not come under the ddcription given, is fait 
meat and Mi; the latter they eat during their fafts 
where frefh hill cannot be procured, at lead: not upon 
terms that fuit their cireumftances;; and. there arc alio 
ibme places where.' the feareejnefs."of fodderduringTfte 
You LXVIO. 4 H ' ■ .Winter 
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■winter obliges them to live much upon fait meat; yet in 
all thefe cafes they manage to correct the ad ion of this ad¬ 
ditional leaven of putridity by mixture with t heir prepared 


vegetables, in Inch a manner 


to elude its baneful effects, 


which furniihcH me with another corroborating proof of 
the powerful antifeptic (Qualities of this mode of prepa¬ 
ration, which I Hull particularly delcribe, and what in 
fa£t is the main pvirpofe of this paper, in hopes thereby 
to throw fome additional light upon the new antifeor- 
hutic fyftem which cannot be too well nndedtood, and 
in hopes that fome of the many dilh.es I. iliall deferihe of 
a fimilar nature with your four cabbage now in ule in 
the Britifh navy, may be thought worth a place in your 
marine antifeorbutic bill of fare; and if 1 am lb happy as 
to contribute to the prefervation of the lives of the gal¬ 
lant corps of men that enables us to plant our cabbages 
in fafety at home, I fb.aU think my trouble well re¬ 
warded. 

One of their principal articles of food, and what enters 
into the competition of moft of the Ruffian Ibups, is 
their four cabbage, which you arc already ih well ac¬ 
quainted with, both as to the preparation and qualifies of 
it, that it becomes unneceflary to do more than juft give 
it the firft place in detailing their antifeorbutic {fifties, 
which it certainly merits. 


6 


The 
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The feeond capital article is called quafs, a liquor 
which not only ferves them for drink, but alfo as faucc 
to a number of diflies, cfpccially to fuch as have a ten¬ 
dency to bring on the difeafe which their lituation 
threatens, and is the balls of the favourite cold lb up of 
the North, which is made by adding cold meat cut in 
pieces with cucumbers (prepared after a manner to be 
deferibed in the fequel) or with onions, or garlick, to a 
bowl of this fub-acid liquor. This feems to be a good 
method of qualifying and eating fait meat to thole that 
are fond of the acid tafte, and fhould make the procefs 
in the Itomach very different from what wo muft flip- 
pofe is the cafe when hilt beef is eaten off a bifeuit, ac¬ 
companied with nothing but what ferves for a plate, or 
the fuet pudding of the navy, judging from feme expe¬ 
riments 1 have made in the ftile of Dr. macbiude’s ali¬ 
mentary mixtures. 

fbe manner of preparing the common Rufs quafs . 

They take a large po*tful of cold water, and put into 
it as much rye-flour as will make a thin dough : they 
then place it in an oven, moderately heated, for thre^ 
hours, at which time they take it out, and throw it into 
a tub of cold water: this mixture ..they .w^fuhtilit 

4 H a 0 ; : froths 
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froths v\ ith a machine refembling the flaff of a chocolate 
pot, but larger. To this liquor, thus prwrared, is added 
a couple of ilop-ba foils u.ll of the .y • ■ T g-T 

lea\ vigor,if thefe are not to he procured, \. hi-' h ran flame 
happen in lluflia, they uie as a ferment a t Tv of their 
four bread, and cover the tub with a cl th to ki\. p out 
the clufl, until the liquor has acquired a font ith tube, 
which marks its being ready for uie. i Sow ever, this de¬ 
pends upon the temperature of the weather, as it ac¬ 
quires the neecHary acidity fooner or later, according to 
the feafon or degrees of artificial heat that is employed. 
This liquor the poorefi of the people drink as they draw 
it from the tub or calk where it is kept for life;"but 
there is a fuperior kind of qirafs, which the better lent 
of people make and bottle for their common uie; indeed 
people of the higheft rank love and uie it eonflantly. 

Rbe baler fori of or Kecflu Stch.ee. 

They take one pood (thirty-fix pounds Englifh) of 
rye, flour, or meal, and half that quantity of ground 
malt, and put them into a tub made for the jn.irj .ole with 
a dole cover, pouring a kettle-full of folding u ater, 
birring with a flick as they pour, and then cover it clofe 
up for an hour; at the expiration of which time they add 

boiling 
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boiling water in the flame manner as before, until it be¬ 


comes as thin, as {mail-beer. 


The tub is then placed in 


a cool Situation lor fome hours, the cover being kept half 
open with a hick; then the liquor is pa tied through a 
fieve into a caik, and two batons lull of old quafh, or the 
fubftitutes mentioned in the lait receipt, are added., and 
the vcJfol placed in a cellar or cool iltuation for live or 
fix days, undl it acquires the iub-acid talle, when it is fit 


for boldine. 


Here feems to lac an elegant improvement of Dr, mac- 
etude’s infufion of malt, for the acidulous tafte makes it 
highly palatable and rcifefhi.no;, and probably there may 
be a virtue in this fpecies of acidity, which is perhaps the 
only thing that the fwcet infufiou wants, to give it all 
the antiieorbutic qualities of your four krout, ike. as it 


alfo abounds in the aiitifeptic fluid fixed air which re¬ 
commends the other for medical purpofes, and purticu-r 
larly as an antiieorbutic; at the fame time that the fer¬ 
mentation is permitted to run on until it .acquires the 
acid talle'which 1 obferve every one of the ellkacious 
vegetable preparations ufed in the North is poll'died of, 
and what nearly feems to be the fecret alone by'which 
thefe people preferve them for a length of time,,and;put; 
them upon an equality with frefh vegetables, as qn© 
would be led to think by their:,fiilutary.efiedl3v. : 'igfdpT 
a. * The 
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The very bread that our people make nib of has alfo 
acquired this acidity before it is judged wholdome, and 
adapted to their conftitutions* 


the manner,of making the Ruffian rye bread. 

In the morning they mix as much rye flour with 
warm milk, water, and a bafon full of grounds of quafs, 
or leaven, as will make a thin dough, and beat it up for 
half an hour with the chocolate Raff before deferibed; 
this they fet in a warm place till night, then they add 
more meal by degrees, working it up at the fame time 
with the Raff, until the dough becomes Riff. They then 
return it to its warm fituation until morning, at which 
time they throw in a proper quantity of fait, and work 
it with the hand into a proper confiftence for bread (they 
think the longer this lafl operation is continued the 
better) then they place it before the fire until it riles, 
when it is cut into loaves, and returned once more into 
the warm place where it before Rood, and kept there for 
an hour before the laR part of the proeds, the baking, 
which compleats it. 

For fea provifiOn they cut the fame four dough into 
bifeuits or rufit, and dry them in the oven. This, I am 
told by very intelligent fea officers, makes, a moft ufeful 

. . ' ' ■ . ' ■ ■ and 
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and wholefome article of food, ever at hand to qualify 
the teamen's .fait provilions, which they commonly eat in 
tonn oi l)rothin the Ruffian navy, with the addition of 
tins bread, which is put in as we do the white bread in 
our loops of that name, or they take off the faltnefs of 
their lea beef by making it into foup with their pre¬ 
pared vegetables; but never i offer their failors to eat it 
dry as they call it, being of opinion that it promotes the 
feurvy in the fleet. 

This rufk alfo not only anfwers the common purpoie 
of bread, but when thrown into warm water produces 
their favourite liquor quafs, with or without the addition 
of ground malt: and I am likewile told, that they put 
this laft article into the four dough, with which they 
make a fort of rufk for the purpofe of quails alone. 

There are prepared cucumbers which are eaten with 
meat in this country, and the people are remarkably 
fond of them. They are called falted cucumbers, as fait 
is the principal ingredient tifed in the preparation; but 
they have the fame fourifh tafte fo often mentioned, and 
feem to have their fliare alfo in the merit aferibed to the 
regimen at large* 
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I'be manner of preparing the Ruffian filled cucumbers. 

They put any quantity of cucumbers into a calk, and 
as much cold water as covers them, with four or five 
■handfuls of fait, feme oak and black currant leaves, fume 
dill and garlick. They then let the calk, into a cool 
place for about forty-eight hours, until the liquor taiies 
fourifli, when they pour it off from the cucumbers into 
a pan, and add to it four or five handfuls of fa.lt, then 
boil it for about fifteen minutes, and when cold return it 
into the calk to cover the cucumber, which they now 
bung up for ufe, and place in the cellar, where they be¬ 
come crifp and fit to be eaten in three or four days, and 
are counted a luxury by their admirers, among!! which 
number I cannot reckon myielf; however, this is a mut¬ 
ter of palate. 

To conclude this fubjeef, there arc Hill a few other 
difhes to he mentioned that teem to have the fame ten¬ 
dency as thefe already deferibed: vfa. what is called 
fooins in Scotland, and much ufed by the common peo¬ 
ple t here. It is an infufion of oat-meal bran in warm 
water, left to ferment until it acquire the fourifli talk*, 
and then brained and boiled to a confidence. Another 
•of their dirties is compofed of rye-meal, ground malt, 

■ , ■ / and 
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and water, as thick as cream, which is placed all night ill 
the oven, previoufly heated to a moderate degree, and in 
the morning a piece of lour rye bread is added to efiedt 
their favourite.end, and the mefs eaten when cold. 

Ilorle-radifh they dry in the oven and keep all win¬ 
ter, which they powder, when wanted, and mix with 
vinegar to eat with fait filh. 

Turnips they preferve during the winter in dry fund 
(as they likewife do the large white radifh); thefe they 
put into an earthen pot with a dole cover, and flew them 
in the oven, with their own juice alone, till pcrfedly 
loft, and then eat them w if h quails. When fugar is added 
inftead of quafs, they make an elegant difh, and proper 
in coughs and pedtoral diiorders. 

Oats they prepare and grind in the manner of malt, 
and make a fort of flummery of this meal, which they 
cat with quafs, their favourite fauce; and fometimes milk 
lupplies its place for thefe forts of difli.es. 

1 believe I have now made mention of the greateft 
part of their food and its preparation; and 1 will take 
tlie liberty to fay, that it is a regimen fo conflftcnt and 
uniformly calculated to ward off the difeafe that their 
litiiation threatens (even when viewed by the teftof mo¬ 
dern opinion and experience) that the moft enlightened 
phyfician of our day could not have preferibed a better, 
Vol. LXVIII. 4 I and 
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and perhaps you may flunk with me, that there arc ionic 
artid.es in it which, from their cheapness and antifeor- 
bui'ic qualities, might, he permitted t O UC-COllF| van y, for 
trial, their old Northern com panioif four cabbage, who 
has, I luppol'e, been met with ft niggling in Cwmiany, 
where he was ftngly able to make head againft all the 
dangers that their climate threatened; although in our 
more frigid realms it requires his whole united phalanx, 
to keep us in fafety. 

However, after laying every thing of and for the food 
made ufe of by the people inhabiting the Northern parts 
of this extended empire, I until’ not omit to give the 
ftiare of merit that I think is due to fume mil mis that I 
hinted at in the beginning, and which probably have 
their ftiare in eftedting the great end treated of in this 
letter. Thole are their death ing, baths, and manner of 
fieeping. 

In the ftrft place, they go very warmly cloathed when 
out of doors, although they wear nothing but a Hurt 
and a pair of linen drawers when within; the legs and 
feet in particular are remarkably guarded againft the 
cold by many plies of coarfe flannel, with a pair of 
boots over all, at the fame timfc that their bodies led all 
the warmth at ihcep-fkin coats, and nothing is left open 
to the .action of the air but the face and neck, which 
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I a ft although never covered, yet coughs and i 
arc icldorn heard of: nay, they are djforde 
'ihould aimoft forget to treat, if lovciaocrs bi, 
us in life. 



Their religion happily confpires with the unavoidal 


bodily dirtinefs attached to their iltuation to lend them 
to their vapour baths once or twice a week: here they 
walh away with aqueous vapour, and afterwards with 
water in its condeiifed Rate, the dirt that by obftrudtinv, 
the pores is fo well known to promote putrid difeafes, at 
the fame lime that they raoft efveciually open the cuti- 
cular emundories, and throw oft any obftru&cd perl pi- 
ration that might have otherwife aided as •a,femes to begin 
the 1 optic procefs in the body; and laltly, they undergo 
nightly, as I mentioned in the introduction, a degree of 
palpitation that enables our coach-men, for example, to 
lit th.c v,ia:.’; j day and fcverc winter evening on the box, 


or at lead out cf doors, without once dreaming of what 
we call catching cold, as they throw off every night what 
may have been retained in the day, and, to ufe a vulgar 
phrafe, may be laid.to dear out as they go; but keep 
them from the nodurnal luxury of their oven, and you 
kill them in a week. ' f 

I muff here obferve, that, excepting the judicious fea- 
mau Captain cook, I have not in my reading met with 
’ 4 1 a ' any 
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any per foil that has paid the indifpcnfable attention to 
warm cloathing of tailors in cold climates, which, we arc- 
taught by experience in thole countries, is a moil need- 
fary precaution to preferve health: however, as to enter 
upon this fubjed at prelent would fwcll my letter to a 
ftill more prodigious fize, I will rather make it the fub- 
jed of fome future one, as the effects of our winter at- 
mofphere will merit particular attention, efpecially when 
the opinionated obftinacy of new arrived foreigners 
brave its fury in a more Southern drefs, in Head of taking 
a hint, like lefs fy Hematic men, from the experience 
that a fucceflion of ages has taught the natives. 
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XXX. jljlrmomical Obfervations made in the Aiiftrian 
Nether!an= Is in the Tears 1773, 1774, a dd [775. By 
Nathaniel Pigott, E/q. F. R. S. Foreign Member of the. 
Academies of I'm dels and Caen, and Correspondent of 
the Royal Academy of Sciences at Paris.. 


TO THE REV. DR. MASKELYNE. 

REV. SIR,. 

Read May 7, ^Tjp HE inclofed obfervations are a fequel ter 
-*• thofe I communicated to you in 1775,. 
and which are printed in the LXVIth vol. of Phil, Tranf. 
for the year 1776. 

Louvain being a very confklerable and tlic only uni- 
verfity in the Auftriaa Netherlands, and upon that ac¬ 
count a town of very great note, 1 was particularly de- 
lirous of fettling its longitude and latitude with all the 
accuracy my lituation and time would admit of; and the 
more fo, that I believe myfelf to be the firft perfon who 
ever made any aftronomical ohfervations in that place,. 

' and; 
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and the firft, of courfe, who has determined its pofho \ 
Ytkh any degree of certainty: there is, however, road n 
to think, that the government there will, in a ihori tone, 
provide ail obfervatoiyg and lijpply the dime with pro¬ 
per inttruments; the ilril ufe of which will, no doubly I so 
•to verify the inclofed obfervutions. I ipared no pains to 
render their rein Its as accurate as polls Me. With this 
view I collected, by the help of my friends, all the oh- 
fervations of Jupiter’s iatellites I could, correfposulmg to 
each of oui ••; c; : . i i a mature o ai,:n t f 

this matter, that the mod: ejfcchial method of obviating 
the unavoidable errors which strife from the diferent 


goodnefs and power of iuftruments from the dillvn sat 
conformed >:i of eyes, diubtvm dales of t be ; imuf, iivic 
and other drcumftvmccs, is to compare each oblervation 
to as great a number correiponding as polliblc, made in 
dillercnt id wain k r. n ol f-rverr, whole iwig'gido- 
from a given meridian arc vr U d ternun d, and that 
taking* a rat an arifing from < m h in* a < mipuriiwi. The 
amazing-differences which not unfmjutntly are found 
in obfer rations of this hint!, even among ail mi seniors of 
high note, confirm me'Hill more in this opinion; and f 
mvjglfhoiild prefer, in order to fettle the longitude of any 
place by Jupiter’s fateJlites, three or four immcrfions and 
.as many emeriiems, made in favourable circumflunccs, 

and 
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ami compared with a great number of correfponuing 
ones, made in different places, to a far greater number, 
which could but be compared with thole of one or two 


astronomers only. If this consideration be of the webrht 
it appears to me, it has not been fufiidcntly attended to, 
and I mention it as it. may be of ufe, particularly to 


young; aftronomers. 

The meridian zenith difiances of the Son and liars- 


were taken with a quadrant one foot and a half radius* 
made by BiRD, exactly and very fteadOy fixed in the- 


plane of the meridian. The declinations of the fixed 
fears, with the equations for aberration and nutation,. 
were taken from the Cvnnoijjhncc ties Terns; the Sun’s 
declination from the Nautical Almanac; its parallax and 
refractions, with the corrections for the barometer and 
thermometer, were computed from maykji’s tables pub- 
]idled by the Board of Longitude. It may not be im¬ 
proper to add, that, when I obferved both the upper and 
lower limbs of the Sun upon the meridian, 1 made the 
horizontal wire of the quadrant merely a tangent to the 
Sun’s limb; for which reaibn its diameter will come out 
by fuch obfervations eonftdcrably greater than it really 
was. ' ' " ■ ' ' ■ 


For the obfervations of Jupiter’s fatellites we ufeda. 
reflector two feet and a half focal length, a telefcope by 

■ SHORT.,, 




'640 M\ pigott’s Agronomical Obfervations 
short, 18 inches focus, and fometimes an achromatic 
treble-ol>jc£t gluts of the fume length, and not much in¬ 
ferior to it, made by Mr. ramsden ; the times were got 
by a quadrant and a grid-iron pendulum. 

It is neceffary to mention the difference of meridians 
between Paris and the places where the obfervations were 
made to which we compared our own; the more lb, as 
fome are not generally known, and others duller a frnali 
matter, from what is commonly fuppofed and printed in 
the Connoijjance des ferns. 

M. messier, in communicating a amliderahle num¬ 
ber of obfervations, informed me in a letter of the lon¬ 
gitudes of the following places: 

h t f* 

Corbcil Kail of II. Obfervatory at Paris, —, — 0 o ;^5 

Nolon, Mem., of Acad, of Sciences, 1764, — 0 3 45 

'Ptriimldo, by nine correfponcling obfervations of If *s iirll; iiiU'Uih’, 0 1 

by a letter from Mr. mallet, 

Geneva, — *— — — 0 r.j 40 

And by a letter on this occasion from M. bkrnou lu, 

" Berlin, I'U't'fl'j, — ♦*-* " ■ o 44 10 

Milan, JEall of 4 itto, * . ~ —« ~ o 27 24 

Petcrfburg, ^ : ~ — 1 52 o 

By the Rev. Mr. hornsby’s letter, 

Oxford, Weft of Grcenwk^* 4' $9''; hence of Paris, o 14 

By Mr. dalby’s letter, 

Mufwel-JiiU, 30" Weft of Greenwich, ami of Paris, ‘ —. o 9 46 

The 




made in the Auftrian Netherlands. 641 

The longitudes of the other ohfervatories are affumed, 
as fet down in the ConnoiJJance des Ferns, 1777? as being 
well fettled. 

Twenty feconds were added to, or fubtra&ed from, 
the obfervations of the fatellites made at Greenwich, 
with the fix-feet refiedtor, on account of the great and 
fuperior power of that in-ftrument. 

Although Jupiter’s fatellites obferved at Eruflels be 
emerfions only, neverthelels, as they agree with what 
the aftronomers of the Academy of Sciences at Paris 
have done, as appears by the ConmiffUnce des Feins, the 
refult is well eftablifhed. 

Being defirous of affording every means of examining 
and forming a right judgement of thefe obfervations, l 
could not avoid faying thus much concerning them. It 
now remains for me to return you my thanks for the 
obliging communication of your obfervations. 

I am, &c. 

NATH. P 1 GOTT. 


Voi, LXVIIL 4 K Lati- 
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Latitude of the Refuge de Frowperg , Rue des Domini * 
quaines , at Louvain. 


1774 

July 8. By the Sun’sjower limb — 

9. By tlic Sun’s upper limb, — 

xi. By £ Ophiuci, — — 

xi. By » Herculis, ■— — 

xj. By * Ophiuci, *— — 

12. By both limbs of the Sun obfcrvecl, 

14. By the Suu’s lower limb, —« 

14, By « Herculis, — *— 1 

15. By the Sun’s lower limb — 

15. By a Ophiuci, — *— 

x6. By f Ophiuci — — 

16. By a Herculis, — 

x6. By <* Ophiuci, — —* 

18. By « Ophiuci, — — 

19. By obfervations of both limbs of the Sun, 

20. By «. Herculis — —- — 

22, By the Sim’s upper limb, — 

22 . By f Ophiuci, *— —« 

. aa* By « Herculis, — ~~ 

23. By»Herculis, . —* — 

■ 24. By the Sun’s lower limb, ‘ —*. 

Sept. 30, By both limbs of the Sun obfcrvol, 

1775 

Aug. 21. By 0 Cygni, — —* 

.The mean of the above, *•* 


5° 5’ 

54/2 

5° 53 

S,S 

50 53 

6,8 

So 52 

53?8 

5° 52 

54*9 

5° 52 

5 ! ,5 

3o 13 

•; 3 

5° 

54, t 

5° 53 

8,1 

50 

5b, 1 

50 "3 

4,2 

50 52 

55,7 

.50 ■ 53 

3>2 

So 52 

57,0 

SO S3 

7,9 

50 52 

55,3 

So S3 

6,7 

S° S3 

5,5 

So 52 

.55, 8 

So 52 

55,5 

SO S3 

0,2 

SO 5 2 

SM 

50 52 

5*,* 

SO 5a 

59,4 


Having 
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Having on the 21ft, 23d, 24th, 25th of April 1775* 
obferved the zenith diftances of g and £ urfte majoris 
with the face of the quadrant to the Eaffc and Well', in 
order to determine the error of the line of collimation, 

which I found to be 25,2, to be fubtradled from the ob¬ 
ferved zenith diftances, I computed the latitude likewile 
from the fame liars, and can depend the more upon the 
refult from them, as, being fo near the zenith, they were 
little affedted by refradtion, and not at all by the error of 
the line of collimation, becaufe obferved both on the 
quadrantal arc and arc of excefs. 


By * urfue majoris the latitude was found, — 50 53 1 4 

By £ urf® majoris the latitude was, —■ 50 53 9* 

By a mean of the Sun and liars as above, — 50 52 59,4 


Now, if a mean of the whole be taken, the latitude North 1 
of my obfervatory at Louvain will be — ; — j 5 


4 K a 1; 4 , ' 'Lphgitode 
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I.,ongitnx.lc.of the Refuge tie Frowperg, Rue des Domini~ 
qualms, at Louvain, deduced from obfervations of 
Jupiter 1 ,; fatehites. 

Corrciponding altitudes of Sun and flairs. 

h f 


T774 ?( Aug. 15. Clock at noon, by fix fets of the Sun, 

11 

39 IO >5 

16* Clock at noon, by feven ditto, — 

1 1 

3S 28,5 

22. Clock at noon, by eight ditto, — 

1 1 

34 4.5 1 

23. Clock at noon, by two ditto, •— 

11 

34 4+ 

24. Clock at noon, by fix ditto, — 

1.1 

33 •’•3 + 

25* Clock at noon, oy levcn ditto, -~ 

I X 

3 ’- * 4>5 

29* <* Atjuilai on meridian by the clock, ~ 

8 

3.5 4 * + 

30* Clock at noon,, by four fets of the Stin, 

1 1 

2 9 2 2 

31* Clock at noon, by three ditto, ~ 

11 

5.8 40+ 

1774, July 24. Clock at no on, by four ditto, — 

0 

a 9+ 

29. Clock at noon, by two ditto, *— 

0 

3 28— 

Aug, 2i. Clock at noon, by four ditto, «— 

1 1 

59 5 ‘ 

27. Clock at noon, by three ditto, *— 

1 1 

59 36 

Sept* 2. Clock at noon, by four ditto, —* 

I X 

5 g 59 + 

G£L 5* Clock at noon, by five ditto, — 

11 

47 5 f> •+ 

6. Clock at noon, by three ditto, —- 

n 

47 4 ® + 

•14. Clock at noon, by three ditto, — 

XI 

4 t> >5 

' a Aquihh crofted a vertical by the clock, 

C> 

•.>.7 74 

20. 1 « Arjuila* crolled the fame veitical, 

6 

4 49 

zx * Clock at noon, by three lets of the Sun, 

1 1 

45 5 g »5 

22* Clock at noon, by three ditto, ~ 

x t 

45 5 +~- 

1775, Feb* 10* Clock at noon, hy five ditto, 

* 1 

59 47 + 

16* Clock at noon,' by live ditto* 

x 1 

59 54+ 

18* Clock at moon, by Ike ditto, 

j 1 

59 50+ 

22* Clock at noon, by ten ditto, ~ 

1,1 

59 45 + 

28# Clock at noon,' by four ditto* ~ 

i 1 

5 g 5^,5 + 


The altitudes arc com£ted by the equation for declination. 


For 
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For the Longitude of Louvain. 

1773, Auguft 15, immerfion of v’s firft fatellite. 

At nh 28' 31" by the clock, felf. , 

11 28 54 ditto, my ion, 

Apparent times* 


h 

At "Paris, M.- messier^ 3I feet adxrom. good,- —* j 1 41... 5 

At Geneva, M* mallet, 10 feet achrom. fine fky, — 11 53 58 

AtTyrnaw, f. weiss, —• — — j2 41 25 

AtPeterfhurg, — — — •— 13 32 58 

At Louvain, — —* * — ix 50, 5 


On a mean, Louvain Fail of Paris 9'. 7"+. 

Auguft 22, immerfion of ^’s firft fatellite. 
At 13I118's 2" by the clock, hazy, felf. 
1319 24 ditto, by my fon. 


At Corleil, M. MKssnsR, 32 inches rcilcftor, fine, — 13 .37 2 S 

At Petgriburg, — — — . — 15 a8 20 

At Ciricfswalde, : —- ■— — ■ 14 2044 

At Greenwich, fix feet reflector, — — 13 26 14 , 

At Louvain, „ ■. . — : ~ 45 ,: ,;3 ' 


On a mean, Louvain haft of Paris (/ 4 .% 


For. 5 
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For the Longitude of Louvain. 


177 3, Auguft 24, imraerfion of v ’s fecond fatellite. 
At 9I1 56' 27" by the clock, felf, good obfervation. 

9 56 43 ditto, by my fon. 

Apparent times,. 

h r ” 

At Corbel I, M« messier, reflector as above, doubtful* —- to 14 52 

At Portnaklo, M, makaldi, 3 feet achrom* fine —* %o 35 3 X 

At Geneva* M. mallet*/ 10 feet achrom* — — 1 to 29 14 

At Stockholm, M* \v argent,in, 10 feet achrom. good ~ n iy 22 
At Louvain, — — — *0 23 45 

On a mean, Louvain Eaft of Paris 9' 25"'-* 


Auguft 29, immerfion of v»s firft fatellite. 
At 15I11 o' 1 4o // by the clock, felf. 

15 11 o ditto, by my fon, good. 


At Paris, M. mbssjjbr, achrom. as above, good. 

At Geneva, M. maueT, achrom. as above, line, 

At Pcrinaldo, M. MARAt.ni, achrom as above, line, 
At Mufwcl-hill Mr. daibt, — 

At Louvain, — 


1,5 32 41 

15 4 ? 40 

I S .5,5 49 
15 %z 
15 41 25 


On a mean, Louvain Eaft of Paris 8' 5 t n . 


For 
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For the Longitude of Louvain. 


1773, Auguft 31, immerfion of ^’s firft fatellitc. 


At 9I1 39' 1" by the clock, felf, good, Moon-light. 

9 38 50 ditto, my foil. 


Apparent times, 

h t n 


At Nolon, Cardinal be luynbs, achrom. 60 times, — 104 45 

At Tyrnawj f. weiss, — — — 10 2 7 

At Permaldo, M. makaldi, achrom. as before, ~ xx 22 16 

At Oxford, Mr. hornsby, achrom. 3^ feet, clear, — 9 47 36 ’ 

At Greenwich, 6 feet rcflc&or, 1 — —' 9 51 57 

At Louvain, — —■ — — xo 10 39 


On a mean, Louvain Eaft of Paris 9' 31", 2 


Auguft 31, immerfion of Vs fecond fatellite. 

At 12I1 30' 49" by the clock, felf, hazy and Moon-light. 

At Pcrinaldo, M. maraidi, achrom, doubtful — 13 14 32 

AtUpfaT, —• — ' ; —' ~ 13 $S.»o 

At Geneva, M. majuet, achrom. as before, thin fog, 13 8 51 

At Greenwich, fix feet rdle&or, — — n 43 t 

At Louvain,‘ “‘ ; ' .' —* 13 a 31 

On a mean, Louvain Eaft of Paris 8' 4a". 
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For the Longitude of Louvain. 


1774, July 24, immerfion of xt’s fecond fatcllite 
At 13I1 5' o' f by the clock, felf, doubtful. 


-13 4 30 by ditto, my foil. 


Apparent times, 

h * tf 


At Paris, M. messier, achrom* as before, a little doubtful, 
At Geneva, M* trembiay, 10 feet achrom. line, 

At Tyrnaw, » -—■ — — 

At Greenwich, fix; feet reflc&or, —- ~ 

At Louvain, — *—* — 


S3 25 
*3 7 55 

L'5 54 
i a 43 4y 
t j 2 4^ 


On a mean,*Louvain Eaft of Paris g f 29"+. 


July 26, immerfion of V-’s firft fatcllite. 

At 15I1 2 x! 7" by the clock, felf, good. 

15 2x9 ditto, by my foil. 

At Geneva, M. majukt, achrom, as before, line, —. 15 24 o 

At Milan, telcfcopc magnifying 200 tunes, — . — 15 ^6 31 

At Louvain, ' . 15 18 15 

On a mean, Louvain Eaft of Paris $ i"\. 


For 
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For the Longitude of Louvain. 


1774, Auguft 25, immerfion of V’s fecond fatellite. 


At 1 ah 5 L 36'' by the clock, hazy, my fon. 


At Perinaldo, M. maraldi, aclirom. as before, good 
At Paris, M. messier, — 

At Geneva, M. mallet, fine weather, — 

At Stockholm, «— —• 

At Louvain, 1 — ~ ~ 


Apparent times* 

h ' It 

*3 3 59 

12 42 40 

« 57 45 

13 46 XI 

ia 5 1 5S 


On a mean, Louvain Eaft of Paris 9' 1". 


Auguft 37, immerfion of ^’s firft fatellite. 

At 1 ih.54 / 45" by the dock, my fon, good. 

AtUpfal, — *— ~~ ~ 1. a 46 3a 

At Milan, telefcopc as before, — • — —* 12 13 7 

At Louvain, — - — — — ** 55 sa 

On a mean, Louvain Eaft of Paris g' 3 9", 5. 


September 1, immerfion of fecond fatellite. 

At 1 sh 30' 5 &' by the clock, my fon, good. 

At Geneva, M. mallet, achrom. as before, fine *— ' i S 37 a 7 
At Tyrnaw, ■ — — — . '*6 af 1 $ 

At Louvain, — — . ■■ '' i . ■. 15 3 1 $$ 

On a mean, Louvain Eaft of Paris g' a6 ,/ j. 


.**,1** i“ir* ' *#«§.<%*.*« 

Vol. LXVIII 


4 b 
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For the Longitude of Louvain. 

1774, October 1, immerfion of v’s firft fatellite. 

Ax i oh ai' 46^ by the clock, my fon, hazy. 

Apparent rimes. 


At Greenwich, fix feet refleftor, — — 

At Paris, M, messier, rcfle&or 2-| feet, excellent, — 

At Milan, teleicope as before, — -— 

At Geneva, M. mallet, achrom. 10 feet, fine, — 

At Oxford, Mr. Hornsby, 3-$ feet achrom. magnifying roo times, 
At Marfeilles, telcfcope magnifying too times, —> 

At Tyrnaw, —* —* — — 

At Stockholm, — —- — 

At Peterfburg, — — — — 

At Louvain, — —*- — 

On a mean, Louvain Eaft of Paris 9' 36" 


10 IS s 

xo 24 45 
10 51 43 
10 39 19 
10 10 19 
jo 36 22 
j 1 25 9 
ji 26 59 
,12 16 5 
10 33 


October 14, immerfion of V’s fecond fatellite. 
At yh 16' 7"by the clock, my fon, good. 


At Greenwich, fix feet refledor, »— 

At Paris, M» messier, 3I feet achrom. good. 
At Tyrnaw, —. —* 

At TJpfal, — 

At Stockholm, —» 

At Louvain, . ■■<<** 


On a mean, Louvain Eaft of Paris 9' 13^. 


7 11 23 

7, 20 42 

8 21 13 
8 ai 58 
8 24 4 

7 a 9 S 3 
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For the Longitude of Louvain. 

1774, October 21, immerfion of V-’s firft fatellite, 
At 8h 39' 27" by the clock, my fon, Moon-light. 


Apparent times® 

* ■ h 1 // 

At Greenwich, fix feet refleflor, — — 8 35 o 

At Paris, M. messier, achrom. as above, good, —- 8 44 47 

At Milan, • — —* — — 9 11 41 

At Geneva, M. mallet, achrom. as above, -— 8 59 20 

At Oxford, Mr. hornsby, 3 j feet achrom. thin fog, — 8 30 26 

At Louvain, —-* — 1 — — 8 53 29 


On a mean, Louvain Eaft of Paris, g ,f 

October at, immerfion of ^’s fecond fatellite. 

At 9h 55 ; 15 y/ by the clock, my fon, » near % . 

At Greenwich, fix feet refleftor, . — — 9 S 1 1 

At Paris, M. messier, achrom. 3} feet, excellent, —* 10 O 27 

At Geneva, M. tremblay, Moon-fliine, —- — to 14 43 

At Milan, ttlcfcope as before, — — 10 27 12 

At Louvain, . — — —* — 10 .9 17 

On a mean, Louvain Eaft of Paris 9' 13". 


4 L a 


For 



65 a Mr, pigott’s Agronomical Qbjervatims 


For the Longitude of Louvain. 

t 775,.February 15, emerfion of V-’s firft late Hite- 

At 6h 1 %' zg" by the clock, lelf. 

6 12 17 by ditto, ray foil, good. 

Apparent times*. 

h ? *>' 

At Greenwich* reflefior* air clear, but twilight, refle&or, S S3 2 

At Paris, M» messier* achroro. as before, excellent,, ™ 6 & 33,, 

At Louvain, — — *—• —* 6 12 22 

On a mean, Louvain Eaft. of Paris g' 46"'-. 

February 19, emerfion of n ’s fecond fatellite. 

At 8h 36' 46" by the clock,, felf, good.. 

8 36 20 ditto, by my foil.. 

At Greenwich, achrotn* 3f feet,, very fine, ~ 8 17 18* 

At Tyrnaw, ***** —* — ' 9 27 37 

At Louvain, •—* —~ — 8 36 30 

On a mean, Louvain Eaft of Paris, g* jja". 

February a 2, emerfion of ^’s firft fatellitcu 
At 8h 8' 33" by the dock, good. 

8 826 ditto, by my fan. 

.At I.untlcn, . ■ •»** ■ •—». 

At Tyrnaw, — . — — 

As Stockholm, — ~~ .— — 

At Oxford, Mr. horksbv, achrom. emerged quick, 

At Greenwich, fix feet rcflc&or, — 

At JLouvain, •— — — —. 


On a mean, Louvain Eaft of Paris 9' 39' 


ft 


8 4 2 39 

go 6 

9 * 55 
1 44 $Z 

7 49 37 

8 8 43. 

a x- 
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RESULT. 


By the immerfiona-. 


The mean- 


7 

4l 


r 9 
9 

9 2 Si 

8 51 

9 3 i 

8 42 
•9 29 

<9 

9 2 
9 39i 
9 26| 

;9 39 
9 13 
9 1 

.9 

9. I3l 


By the eraerfions r 


The mean, 

By the immerfions* 


{ 


f tr 

9 461- 
9 52 
9 39 

9 46— 
9 13 I 


By a mean of immerfionsl 


and emerfions. 


] 9 3°’ 


If the obfervations made at Louvain, excepting that 
of the fecond fatellite of Auguft 31, 1773, in which.I 
fufpeft an error of a minute, be compared to thofe made, 
at Greenwich alone, with which there is afingular agree¬ 
ment, they Hand as. follows: 

*< ft 

f9 5 ® 

9 46 

‘ 9 57 

Imrocrfxons, —. i 9 SS 

9 34 
! 9 33, 

1 9 20 

Mcaa — 9- 421 


If 


f 9 44* 

r Emcrfiou% < 9,56 

*9 3° 

; By a mcax> of' cmerfibn*, 9 43 
By ditto o£ inuxtei lions* \ 9 4 &§ 
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If a mean be tak'en between t/ 30", the refult of the 
whole of the compared obfervations as above, and 9' 43" 
the mean of the Louvain obfervations, compared with 
thole made at Greenwich only, the mean of thcfe means 
will probably be very near the truth, and give the Refuge 
de Vrowperg , Rue des Dominiquaines. , at Louvain, 9' 37"-- 
in time, or 2 0 * 24.' r 5" of a great circle, Eaft of the Royal 
Obfervatory at Paris, 

Farther obfervations of Louvain. 

1773, Auguft 15 . 

At 3 b. P.M. in a SSE. room, out of the Sun, Fahrenheit’® 
moractcr flood at — ■— — - 

At 4 h. P.M, in a North-eaft room, — — 

At 4 b. 30' in a gat-den fereened from the Sun, —* •— 

1774, Otftobei* 5. 

, Apparent times. 

h * M 

Immerfion of %*$ third fatellitc, with a rcflcflor 18 focal length, 1 « 

by short, magnifying 130 times, by my fon, 1 9 57 9 

1775, February iB. 

Occultation of Saturn by the M don* 

Corrtadt of Saturn*® Wei and |> ‘a Eaft limb, 1 — 

Total immerfion of Saturn*® body, — «— 

Total immerfion of the ring, <— 

By 


9 »5 is 
9 »S 39 
9 26 5 


ther- 


} 87* 

75 

73 
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By my fon, with the fame reflector as above, mag¬ 
nifying 95 times on Saturn’s emerging from a cloud, 
he appeared in contact with the limb of the Moon at 
9h a 5' 15A The fuddennefs of this obfervation may 
poffibly make it uncertain for a few feconds. At the total 
immerfion of Saturn’s body, the Eaftern part of the ring 
became very faint by the brightnefs of the Moon. Va¬ 
pours affedled pretty ftrongly both Saturn and the Moon. 
Clouds hindered from feeing the emerfion, 

March 1. 

Apparent times, 

h i tt 

Emerfion of Ops firft fatellite, very flow, felf, — 10 5 59 

I have no cor.refponding obfervation. 



6$6 Mr. pigott's djlronomkal Obfervatbns 


For tlie Longitude of Bruffels. 


1773, Nov. 1 , cmerfion of V’s firft fatellite. 

At 1 ih 2,3' 23" by the clock, felf, good. 

II 23 32 ditto, by my fon, good. 

■ Apparent times 


At Greenwich, fix feet refleflor, —- 

At Paris, M, messier, 3$ feet achrom* good, — 

At Pcrinalcta, M. maraldx, achroxn-three feet fine, , ~~ 

At Mulwel-hill, Mr, dalby, — ~ ~ 

At Bruffels, by my obfervation, ~ — 

On a mean, Bruffels Eaft of Paris *] f 57' 


h r it 
12 2 JO 

II II 4 <) 
II 33 24 
II I l6 
II It; 34 


Nov. 10, emerffori of v ’s firft fatellite. 

At yh 5 1' 20" by the clock, felf. 

7 51 15 ditto, my fon, good. 

At Greenwich, by tables correct'd, Phil. Tranf. 1777, p. 183. 

At BrtifTels, . —- ■— — — 

On a mean, Bruffels Eaft of Paris 8' 7". 


7 26 ra 
7 43 3.? 


December 10, emerfion of ^’s firft fatellite, 
At 1 oh 14' 14" by the dock, my fon. 


At Greenwich, fix feet refleSor, — : — 9 27 39 

At Mufwel-hill, Mr. balby, — — 9 27 32 

A t Bruffels, — —* — , ~~ 9 45 34 

On a mean, Bruffels Eaft of Paris 8' y"--, 

7 ■ For 
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For the Longitude at Bruffels. 

1775, December 19, emerfion of n » s firft fatellite. 
At 6I1 42' 48", by the clock, my fan. 

Apparent times, 

h r n 

At Tyrnaw, f. weiss, — —■ — 6 59 15 

At Bruffels, ■ — — — — 6 6 2,6 

On a mean, Bruffels Eaft of Paris 8' 6 ,/ . 

1774, January 11, emerfion of ^’s firft fatellite. 

At 7I1 8' 7" by the clock, my fon. 

At Paris, M. messier, 3J feet achrom. good, — 6 4 24 

At Stockholm, M,. warcentin, good, — — 772 

At Bruffels, — — —• — 6 n S 7 

On a mean, Bruffels Eaft of Paris 7' 39A 

February 3, emerfion of v’s firft fatellite. 

At 7I1 34' io ,/ by the clock, my fon. 


At Paris, M. messier, achrom. 35 feet, good, — 6 15 33 

At Stockholm, ™ — — —* 7 18 10 

At Upfal, — , — — — — , 7 16 17 

At Bruffels, — — —- — 6 23 40 


On a mean, Bruffels Eaft of Paris 8' 30". 

You LXVIII. 4 M 


For 
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For the Longitude of Bruflels. 

1774, February 18, emerfion of ^’s fecond fatellite. 
At 7I1 24'' 5 8" by the clock, my fon. 

.Apparent times* 

h / a 

AtTyrnaw* f. weiss,. —• 1 — ” 7 1 -5 

At Stockholm, ML w argentine — — . 7 3 36 

At BruflcJs, —* ~ 6 8 44 

On a mean, Bruflels Baft of Paris 8' 6 

r e s u l T. 

The mean of thefe enierfions give Bruflels Eaft of 
Paris 8' in time; but if the obfervation of January i x, 
1774, be rejected, as it ought, becaufc differing confi- 
derably from the reft, >the mean of the others will give 
the Court at Bruflels 8' 7" in time, or i f 45"’ in parts 
of a great circle, Eaft of-the Royal Obfcrvatory at Paris* 


Farther 
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Farther observations at BrufTels. 

1773, October 27. 

At 35 h. F.M. lit-1 glit of quickfilver in Fahrenheit's thermometer 1 
in a SW* room, 1 out of the Sun, ™ ~ J 7 ° 

At 7 In P.M. in a NE. room, ■— ~ . ~ 65I 

-At 9§ In P.M. in the fame room, — —. — 65! 

At 11 In P.M, in the feme room, — -*»*< ~ 65 

A little wind from the weft; cloudy; I was obliged to 
open the window’s till 9 h. P.M. • 

November 1. 

Occultation of Aldebaran by the Moon, sfelf, ‘ 

Apparent times* 

h / ft 

The liar feemed to touch the Moon’s limb* " — 9 33 3 

The flar, which feemed on the Moon’s difk> vamflied, — 9 33 1 1 

''Occultation, by my fan, " ", 9 33 X2§, 

Aldebaran. entered ~th nearly of the Moon’s diameter* 
South of the ipot Grimaldus. The night was very fine 
at the occultation, but clouds hindered feeing the emer* 
fion. . , , ■ • 

November 12. . ■ . 

The quickfilver in the barometer, in a rodm one ftory 
high, at 7 lit P.M. flood at 28,645 English inches; the 
preceding night was very ftormy. 

‘ 4 M a ; * 774 i 
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1774, February :t 8. 


Apparent, times. 

h * t f 

Immcrfion of a telefcopic ftar into the dark part of the Moon; i. () , „ z , 
inftantancous, by niy fon, — — — j ' 

This ftaris fet down in flams te ad Atlas CcdeJ'ns as 
follows: 

6i° 57' R* A. 

15 20 Declination North, 


April 14. 

Emerfioft of Aldebaran out of the enlightened part of the Moon* \ « 

oppofitc MareCrifitunj inftantancous,' weather very fine j fcIf, } ’ 




E 661 3 


XXXI. Observations-on the Scurvy. By Charles De Mer- 
tans,, M. D. Dated Vienna, Jan. 14, 1778.. 


Read May 7, HT^HE difeafes of a great multitude of 

1778. f- 

people,, who live in the fame manner,, 
and are obliged to live upon unwholefome food, are to be 
corrected by a correction of the food itfelf, and not by 
any medicines properly fo called. 

Confidently with this principle, I have always thought 
that the fait provifions ufed by fea-faring people being, 
the principal caufe of the feurvy which makes fuch fatal 

havoc 


Obfervatims fur la Scorbut. Par M. Charles de Mer tails, 

DoSteur en Medecine. 

L ORSQU’IL s’agit de la confcfvation dcla {antecl’unc multitude de gfcns 
vivans tons dc la memc manicre, ct obliges de fe nourrir principalement 
d’alimens qui l’alterent; e’eft dans la correction de ccttc nourmurc, et non dans 
les remcdcs donnes comma intdcclncs, qu’il faut cherchcr Jcs moyens de lea pre- 
ferver des maux, auxqucls Fexperience demontre tju’ils font les plus fujets. 

D’apres ce principe j’a toujours cru que les provifions falaes, dont ufentje's. 
gens de mer, etant la principale caufe du fcorbut qui attaque les ,equipages,d»nk- 
les voyages de longue duree,, et. pvive fouvent les vaiffeaux des bras neceflaires. 

3 ' ; ■'; ROW 
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havoc amongft crews engaged on long navigations, it was 
ncccfliuy to ft ml out feme food of an oppofitc nature to 
this, capable likewiic of being preferved at fea. 

Salt provilions are hard of digefhon; and we all -know 
that all food, which our.powers of digeftion cannot re¬ 
duce to a good chyle, undergoes in the pr'wrr rhv Inch 
alterations as are proper to the refpedtive fpecies of it in 
regard to heat and humidity; confcquently, the chyle 
produced by fait provifious partakes altogether of an 
animal nature tending to putrefaction. When it: mixes 
with the blood, it inereafes this difpolition which our 
fluids have of themfelves; and thus, by degrees, intro¬ 
duces that flow putrid degeneration which we call (cur¬ 
vy, of which, I am perfuaded, there is but one fort, dif¬ 
ferent in its degrees. 1 am likewife perfuaded, that the 
fea and land feurvy are the fame diforder, arillng from 

limilar 


pour les condulre, II falloit chcrcher a y oppofer des alimcus d’uac nature con* 
ti aire cr qu't i'c conremllcnt fur mer. 

Les viandcs falcca font dc difficile digeftion, ct nous fuvtnn qvte lps alimens 
fjuc nos forces dlgeftives nc peuvertt pas feduire cit bon chyle, fubident dans !«g 
premieres voyes les alterations propres a leur cfpccc dans la dutlcur ct I’humiditf j 
par: confcquent le chyle produit dc viapdesn fakes fettle*, Cent entiemnem tie la 
nature animate tendante a la putrefaction. Lorfqu'ii fe.mtlc. nu fang, jl aug* 
mente cctte difjwfitton, que nos fluidcs bnt deja par'eux lpcines, « par la peu i 
peu introduit ccttc dcgcndcaiion putridc lente, que nous appclkms ftorbut, dont 
jc fuis perfuadd qu’il u’y a qu’uiic fculc cfpccc, qui a diftcrow tkgrcV Jc fui# 
*a|i co»vai«cu qua le fcorbuc de racretcdui tie terre font la raume maladie, 
:: ■ ■■ ' . , . produitS 


on the Scurvy .. 6 6 31 

ftmilar caufes. that is, living upon fait meat or fifh, few 
or no vegetables, damp houfes, Sec. 

To prevent then or correct this alteration in the hu¬ 
mours, we muft find out fome antifeptic aliments, which 
may keep a great while, and not be fubjedt to be da¬ 
maged from the alteration of climate. Nov/, I ufed to * 
think, that four-krout, or fermented cabbage, fo fre-> ■ 
quently ufed in Germany, had thefe qualties; that though . 
it did not always pleafe thofe who eat it for the firft time,, 
every body Toon grew ufed to it, and found it good and ; 
wliolefome food; that bailors in particular were very 
fond of it, efpecially when they had no other greens. I: 
had accordingly feveral conver fat ions upon the fuhjeft, 
twelve years ago, with Meflieurs preston and l angle y, 

ill : 

produitc par des caufcs femblablcs :■ nourriture dc viande ou poiiTons tales, pen . 
ou point tie vegetaux, habitations humicles, &c. 

11 s’agit done, pour preveniroo corriger'ccttc alteration ties humours; de pro- , 
caret ties aHmens d’uhe qualite antifeptique, qvii puiiTent ic conimer long tenis, . 
ct que les changemens de cltmats ne gatent point, J’ai cm que le iauer- kraut, 
ou choux ferroentesj dont .on-fait fi, grand ufage en Allcmagnc, avoit ces qnalites j . 
que fi ellc nc plaifoit pastou jours a .cseux qui.cn mange in pour la premiere fois, 
tout le mondc s’y accoutumoit bientot, 1 et la trouvoit un mets bop ct noumiFant; , 
que les marins en feroient leurs delices, furtout lorfqu’jls manqueroient d’aufres 
legumes. J’eus il y a une doaxain-: d’amices pluficurs conversations a ce fujet ! - 
avee Meff. iangloxs et preston, attiicliesdci/a.l'ambaffaclp, de my lord Wok- - 
mont, qui xn’lionnoroient de leur amitic,., ■qu^n&t des o 

: ■ . ' ' ' ." i ’ " ”' '' tranfpo.rtcr.v 
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in which I exprefted my whiles that four-krout might 

be carried out and made part of the flops provision. 

I’'or forme years part I have feen, with great pi eu lure, 
in the public papers, and the relations of travellers, that 
the trials 1 wifhed for have been crowned with luccels; 
and that the prefervation of the healths of many t rews, 
which have gone round the world, has been owing to 
four-krout. The prefervation of lea-faring people is an 
object fo important to many nations, and whoever con¬ 
tributes towards it does fo cflenlial fervice to mankind, 
that I will now communicate other methods, which, 
joined to the firft, will ferve to keep oft' the feurvy, as 
well as to cure it more readily and more furely. Thefo 
methods are likewife in the food, and they con lilt of ve¬ 
getables eaten in a ftate of crudity, and fudi as the earth 

affords 


tranfporter la fauer-kraut fur liter, pour cn fatre utw panic tic In noumturc dc* 
Equipages. 

Dcpuis quclques annecs jc Its avee unc vraye fatbfatftiondans lcs papiers pub¬ 
lics et lcs relations dcs yoyageurs que ces dials ont partailment reufli, ct epic 
e'eft en grande panic a la faucr-kraut que Fon dolt la fame tie pluftcurs equipages 
de vaificaux qui one fait le tour du monde. La confcrvatton dcs gem tie mcr eft 
un article tics plus importans pour pluftcurs nations, et cn y travaillant on rend 
fervice a unc grande partie du genre huroain. Dans cctte vug je vats cornmuni- 
quer de nouveaux moyens, qui, joints aux premiers, ferviront a preferver du 
fcorbuc, a cn arreter ks progris, et mcme a 1c guerir plus promptement ctplus 
furement. Je les trouvetiememedans la hoPrntarte,' cc.fontties vdgetaux dc 
difterentes efpcccs manges dans l’&at do crudittS, crtclf^ue la terre let domic. 

' ' ^ Jo 
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affords them. I am convinced, that all the greens ufcd 
in our kitchens are much more antifcorbutic when they 
are raw than after they have been boiled in. water fa \ or 
have gone through any other preparation by fire. X 
ground my opinion upon experience, the fafeft of all 
guides, and fliall therefore begin with the fadts which 
led me to it. 

I was furprized to find, during an abode of many 
years at Mofcow, that many gentlemen merchants and 
Arrangers were attacked by a flow feurvy, having their 
gums foft, fwollen, and blueifli, the breath ftrong, and 
many fcorbutic fpots at the legs, whilft it was rare to find 
among the lower people, either of town or country, a 
Angle perfon with thefe marks. The nourifhment of 

(a) Perhaps it is becaufe they lofc a great deal of fixed air by ebullition. 

the 


Jc fuis allure quo tons les legumes clontonfc fort duns nos cuifincs, font infinl- 
incnt plus anti feorbntiqlies lorfqifils font cruds, quo quand Ik out etc bouillis (a) 
dans dc l’eau* on qufils ont paflfe par toute autre preparation an feu. Jc me 
fondo fur le guide le plus fur, rexpericnccj e’eft pourquoi je commencerai par 

rapponerdes faits. ’ . ' ' ■■ ■ 

Pendant im -lcjour de pluficurs aimecs que je lis a Mofeotq je fus forprls dc 
•trouver beancoup tie gcntils homines, de marclnnds ct d’etrangers,, attemts 
(Pun fcor'but' lent, ay ant ’ les gencivcs mollcs, gonflees, 'ct blcuatrcs/Phaleinc 
puanttv ct pluficurs dcs taches fcorbutlques aux jambesy tandis quo pa mil It 
people taut* de la ville que de la eampagne il eft tres rare de trouver un feul 
homme qui ait la' moindre de ces marques. La, nourriture des premiers confifte 

, fa) Peat cure pares ^u’ih per dent par IVdatlUtme: bmicaup de km* air fijsib : v' h ■ 

Vo u LXVIII. 4 N • • ' 
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the former confifts of a great deal of meat, both fait and 
frefh, and likewife of fiill; they fddom eat any greens, 
except now and then a foup made of four cabbage, 
exactly refembltng the German four-krmit in every 
thing, fave that this cabbage is chopped fmal.1, whereas 
the four-kront is cut according to the length of the cab¬ 
bage. Their common drink is very four fmall beer, 
called quas, betides which they drink wine, the beer of 
the country, Engliih beer, and a fmall glafs of brandy at 
lead; before every meal. They eat very little breach 
The common people live* all the year upon this four cab¬ 
bage foup, in which they boil fait meat on common clays, 
and fait or dried frih on meager days and during their 
four lents (which are more than a third of the year) 
when they add to it very (linking lin-fecd oil inftcad of 

greafe 

fijrtottt cri bcaucoup dc viantte, taut frniche que falee, ct de poiflons de mime: 
ils mangent peu ou point de legumes, exccptc de tents en temt d*une foupe aux 
cltoux aigres, qui rcflemblent enticremcnt a la faucr-kraut d’Allemagne, finon 
qu’ils lent baches mentis, au lieu que ccllecy eft coupee jbivaitt la largcur tie* 
dioux. Lcur boifl'on ordinaire eft one petite bierre fort aigre qu’ils nommtnt 
iguas.i ils boivent en ourredu vin, de la bierre du pais, de la bierre d’Angleterrc, 
ct un petit verre d’eau de vie an mobs avant chaque repas; ils mangent fort 
peu de pain, Lc people vit toute I’annee de cctte foupe aux choux aigres, dans 
laqudle on cuit de la viande falee Ses jours gras, et da poiffon fate ou ieclic let 
jours maigres et pendant leurs quatre caremes, qui font plus d’un tiers de 1’annec, 
alors ils y ajoutent de 1’hutle de lin fort puaatc au' lieu de graifle ou de beurre. 

3 ‘ ; ' Dans 
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greafe or butter. In this foup, which is called fcbJH, both 
in the meager and other feafons, they boil meal, princi¬ 
pally that of Saracen wheat. They eat cucumbers like 
the others in fummer, and fait them for the winter. 
They like wife feed very much upon oat bread. The 
common people live in fmall wooden houfes, generally 
very low, in which they get together both night and day 
during three parts of the year, on account of the great 
cold. There is little air in the room, the windows of 
which are very fmall. Here they hew together in hu¬ 
midity and naftinefs; for, except the bath, which, as well 
as thofe I have mentioned firft, they ufe once a week, 
they are extremely natty. 

Here then are many reafons, all of which (except the 
conftant ufe of four cabbage and bread) fhould make 

them 


Dans cette foup®, qu’ils appellant fchJFi, en maigre et en gras, ib font cuirc ties 
gruaux, furtout celui de bled S.arrafm. Ils mangent, de mane que les pre¬ 
miers, en ete des concombres, et les font faler pour 1'hlvcr. Ils fe nouriffent 
auiB beaucoup depaiti de feigle. Les gens du people.habitant depctkes maifoos 
de boss, ovdinairement baffes, ou il fe raffemblent nuit et jour en grand nombrc 
les trois quarts de l’annec, a caufe du grand froidj il y a peu d’air dans les 
chambrcs, les fenetres en font fort petitcs: ils y croepiffent generalement dans 
la malpropete et I’humidite. A l’exception du bain dpnt tls fe fervent, de memc 
que la plus part de ceux que j’ai nommes en premier liey, uije fois h femainc 
au moins, ils font fort malprqpres, J ,/ ; ;._ i ' .. 

Voila bien des rpfqns, ejsyeptele plus grand d%e <jle .^c pain, 

... 4 Ns ' '■ h':* r'y qui 
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them more fubje<Sl to the fcurvy than the people of 
fafhion, or thole who live at their cafe; a conftant nfe of 
meat or fill that is fait (for they eltcern neither fb much 
when they arc frefh) much more brandy, filth and damp 
in their houfes, lefs change of cloaths or linen. 

I was many years making thefe obfervations, and in¬ 
quiring what it was that could preferve them from the 
feurvy, which, on fo many accounts, they ought to have 
been more fubjc6t to than the others. It appeared to me 
that, exciufive of the daily life of the four cabbage, which 
I conlider as the raoft powerful of all prefervatives, they* 
were indebted for their fafety to the great quantity of 
raw greens, fuch as onions, leeks, raddi flies, turnips, peas 
in the pod, and others, which they cat. The berries of 
Vaccinium, with others much refembling them, called 

kloiifma , 


qm devroient rend re cetix cy plus fnjets nufcarbutquc ks'itoblai ct les gens 
aifeas prefquc toujours <le la yiarnle ou <lu j»oiilbn fate (iis nc font memo pas taut 
de cas'dc Tune et deTawtre quamf Us font fra is) benueoup plus cFeau de vie, la 
mal proprete et Fh/urniditedelenrs m&ifons, le changement plus rare clod logo et, 
cFhabits, 1 / ■ . '•' 

Jo fas qudques annees & fake ees obfervations' et a chercher ce. tjui poovolt 
principakrncnt les preferver da fcorbut, clont par tarn: de rations its auroient du 
fitre attaques preferablement aux amres: 11 me par tit qtf outre Pillage jo'urnalicr 
ties clioux aigres quo je regarde comine le plus puiffant prdlerv&tif tk fearbut* 11$ 
m etoient rcdevatblcs a ee qu*ils mangent quantise de legumes cruel#; oignons, 
porroaux, ridi** raves, navete, pois avee km goufles. Les, bayes du Vacd* 

' ' 1 / nitisn. 
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Jdoukna , which are of the fize of a fmall cherry and very 
acid, are, together with apples, ftrawberries, and rafber- 
ries, almoft the only fruits of thefe countries. 

In the Foundling* Hofpital, of which I was a phyiician,., 
there were every winter feveral fcorhutic patients. This: 
holpital was built near the conflux of two fivers, in a 
place the foil of which has been railed at a great expence.- 
As near back as the year 1770 there were Hill ftagnated 
waters-to be feen in the place; but only a part of the* 
children lived there, the remainder lived in a Hone houfey 
fituated upon an eminence in the neighbourhood. . 

The ufual fymptoms of the feurvy on thefe children: 
were, the dwelling of the gums, the naufeous breath, a. 
great languor and dejedtion; they ufed to become cache¬ 
tic,:., 


ftium, et d’autres prefque femblables qiflls appellant klonkm , de la groffeur d’une, 
petite cerife et fort acities* .font avec Ies pommes, ics fraifes et les frambo.ifes, 
prcique Ics fouls fruits cle ces contrces. , 

,J’avals ehaque annee en hiver et auprintemjq clans la 1 maifon t\m erifans- < 
trovive *, dontj’etois medecin,, benuconp de fcorbutiques* On a bati eette maifon ■, 
pres du continent de deux rivieres, dans un lien clont on ,a rclevc'Je temsin a 1 ' 
grands fraix. Jufqu’en 1770011 voyoit encore parci par la de Fean cronpiffante : 
dans cet endroit; mais il n r y avoit qn’unc panic des enfans qui y demeuroit,. 
ks autres occupant one vielle maifon de pierre fituee fur, one eminence'-dans le- . 
voifiuage. . ‘ 1 ■ ■, ■■ ,,! : , :; 1 : 

Les fymptoms ordinaircs de fcorbut ches ces enfans etoient le gonflement des * 
gcnqiv.es, la pefanteur dc la bouche, one grande abatement 5 - f 

, . ' - ', ' i ; , -. 1 , / • i f 'f ' / 1 '"7 1 4 : ' 
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tic and of a leaden colour. In procefs of time tlie .{'wel¬ 
ling of the gums increaled; they were ufed to aflumc a 
livid colour: puftules were formed in the mouth, the in¬ 
fection of the breath grew moil horrible, the gums and 
all the infule of the mouth became gangrenous, the jaw¬ 
bones were carious, the fall of the teeth followed, and 
the bones of the alveoli fell to pieces. The lick could 
fcarce ftir, though they had as yet no fever, and had a 
very good appetite. The legs of fome amongft them 
were from the firft covered with fcorbutie fpots, and dried 
crufts, like fcales; others only had thefe fymptoms alter 
the mifehief had made a great progrefs. Moft of them 
had their legs {'welled. In fome, the flexor tendons of 
the legs grew fhorter, and ftift'ened in iiicli a manner 
that they were forced to keep always in a lying pofture, 

with 

venoient dmdte£Uquc% ct crime contour plomlee* Pm t\ pen Ic gcmflcmattiks 
gcncives augme^toit, dies prenoient urn* coulcur l.ivitlc; il fe ibnmdt dcs puftules 
a Ja bouchc Phatdne repanddt tme ijiie£tion horrible; 1« gcncives ct tout le 
dedans de la bouchc ft gangrenoit; let m ties mtehoilc# ic rarioicm* la chute 
dei 'dents fmvoit,., et 'Id-ot dc*. alveole* tombaiettt par morwaux* Les malsutcs 
pouvaient a'peine IcTemveiv quoique to&jpurt (am .fievre; fapetit nt leur man- 
quoit pas* 11 y err avoir dent les jambes des k. commencement' etoient cou- 
vertts dc ladies feorhmiques, et de croutes fechcs comme des ccailicsj a d’autres 
dies me venoient que loriqne le mal etoit fort avanc^ la plus' partavoitpt let 
jam bees cn flees. Chcx quelqacs xnm les tendons flediiffeurs des jantbes 
fc mceourciflbient, et, fc'roidiffoient de facoa qinls etoiem obliges de rdler 
condmiellemcnt couches, &ymi let piedt pres des cudles 5 j’ai vu un'$ 
, , . couple 
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with the legs near the thighs. In two cafes the fame 
thing has happend to the arms. 

The gangrene of the gums and mouth, as well as the 
caries of the bones, nted infenfibly to incrcafe to fucli a. 
degree, that the bones of the alveoli and the lpongious 
part of thofc of the upper jaw tiled to fall out. The 
mifehief was ufed, however, to make a How prog-refs; 
there often elapfed a fortnight, and fometimes more, 
after the beginning of the gangrene of the mouth and 
caries of the bones ; and many months between the firft 
fymptoms and the ft age of the diforder I have been de- 
lcribing. Even in this ftage, dreadful as it was, they ftill 
took nomiflmient fufficient, and even much more than 
it would be. thought poflible they fliould have taken in 
fuch a fit nation. It was impollihle, however, they fliould 
live long in fuch a ftate, and death foon put an end to 

their 


couple dc fois arriver la merne chufe aux bra*. 

La gangrene dcs gcncives, de la Louche a la carle dcs os augmcntoicnt infen- 
liblcmcnt, ;vu point cjuc les os dcs alveoles et la partic fpongieufe dc ceux de 
la mtlchoirc fuperictirc tomboient. Cc mal allcat Icntcmcntj il fc pafloit quel- 
<|ucs fois quinxe jours, et mcine plus, depuis 1c commencement dc la gangrene 
dc la bouche et dc la cam dcs os, et pluficurs mois depuis I’apparition dcs pre¬ 
miers fympeomes de la maladie jufqu’au point que je viens dc decrire, Malgre 
ccla ils prenoient encore dan* £6 dernier periods dela noju-riture'CB^antitCfof"* 
fifante, etinfiniment plu#q»*on n'aurok pu fe IHmagittcrd’apres leur etat. Us 
m .poHVoiettt dependant vivre longtcms dans cctte fituation, ct la teort venoit 
■■ enfio 
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tlicir torments. I have often been furprizctl at not hear¬ 
ing any cries of anguifh come from them in fo lamenta¬ 
ble a iltuation; blit they were vied almoft con'amiahy to 
complain of tlicir voice being feeble. 

Hie mode of treatment which I commonly math* tile 
of in curing the greater part, provided the mifehief had 
not made a confiderable progrefs in the fpongious bones 
of the upper jaw, was this; the full thing I did was to 
put them on a vegetable diet, and order them foups, 
with a great many greens drolled in light: broth, fuch as 
four cabbage, carrots, turnips, and onions, fee. to winch 
I added ftewed onions and forrel. The drink of the lug¬ 
ger fort was quas or four fmall beer; the Idler ones (none 
of which were ever feized with the lcurvy under two 
years old) drank water. 


During 



mftn let dlliwr dc tant 4c inaux* Jbu etc fouvent etorme clc nc Icur entendre 
pouffer aucun ert 4c douktn* dans tin ctat* aufli deplorablej nmiiuls fe plaig~ 
Tiolent prcfqqe contiimcUcmctiiC cPunc voix tanguilUmte, 

te. trstitemciit•; qbe 1 femployo'i : $- • ordt nairem.cn t gucrilluit la plus part, :p<mrvu 
quelc raal fki,t;de3 p^gres dans les os /pongteux 4c la mfiehuire fupo 

rieore. "D^aborcl jd leg &«lttoir;^ticrcmeht a la nourriturc vcgcutlc, leuv failant 
db'ttner dcs loupes kvec'tiefecb^ eft legumes' suits dans un bouillon leger; comma 
choux aigres, carottes, panais, navets, oignems, &c. des <?pimtrd% de jcaiies 
orties, de Tofellcs, cmves: la boiffon des plus grands etok le quas ou petite 
bierreaigreiette, les pefts (b) buvoient deTeau* i ' 

It iaVu'ai jamais to m <k 4 «ux ahs muyufa du fcortoh 1 ' ■■ V‘ 1 ,, 

'T 1 ■’*" *. .■' 1?J " " ■ ■ 1 XX;b Am 
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During the fpring, thole who lnul the fctirvy took, in 
proportions Irritable to their ages, a drink made of whey, 
ill which were infufecl antiicorbutic plants, fucli as coch¬ 
lear-in , najlurtium aquaticum , hecca htmya, acelofa. 'Phis 
infufion was lXveetened with plain lyrnp, or Jymp of 
fugar. Belides this, in the courle of the day, they 
ufed a gargle, made of an infuliou of herbs, rue, i'age, 
agrimonia in water, to which was added fpitit of coch- 
learia , and honey of roles. When the gangrene began 
to lliew itfelf at the mouth, belides the remedies I have 
mentioned, they ufed to take a ltrong dooo&ion of bark, 
part of which decodfcion 1 likcwifc added to the gargle. 
I likewife had the gangrened parts touched with honey 
of rofes, mixed with a linal! quantity of lpirit of fea 
fait. 

This 


Aw printems tows las fcorbutiqvtes prenoient diaque innlin unu cmainc quan¬ 
tity, fuivant Jeurage, de petit. Sait ou fan avoit infufc tbs plantcs nntifeorbu- 
tlqucs, coromc cacblearia, mjiurtium bccca btinga, acetoftr, ccttc in¬ 

fufion ctoit ddulcorde avee tin firop Ample ou do ftu-rc. Kn outre tbfc fervoient 
fouvent pcndantla jouraee d*uh gatgarifme fait d’unc infufion d’herbes de r&ue, 
de faugc, ft agrimonia dans de, 1’eau, a laqndlc on ajotitoit dc Pcfprit de cMikama, ‘ 
ct du nilei rofat, ; Loirfquc la gangrene fc mamfdtoit 4 la fcouche, outre les 
rentiSdes qua je Viens de'rapporter, Sis prenoient unc forte cl&dftion de kinkina, 
j’ajoutois au'M de cette d&d&ibtt ail gargariflne. ; fe- Mfoiftolicher les parties" 
gangrcnces avec dumiel rofat, Pi ,qad on u» fit* d’eiprit de, fel maria. 

Vol. LXVIII, ' ■ ' 4.0 ; , ' Ce 
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This method of treatment had fucceeded perfectly 
well the three ftrft years; infomuch, that the greater 
part of the fide, as well adults as infants, were commonly 
cured in the fpace of three weeks or a month, when the 
ditlemper was not far advanced. It was in ipring and 
winter that the feurvy ufed to be moft fatal. 

In autumn 1770, the foundling children, who re^ 
mained in town to the number of a thoufand w , were 
lodged, contrary to my advice, in the wing of the houfe 
fmifhed but about a year fince. In a climate where the 
furamcr is fo fliort, new walls made of bricks take a 
great time in drying, and this houfe was lituated on a 
foil which had been a hog a few years before. Notwith- 
Handing all the poflible precautions that could be taken, a 

(c) The greater part of the fucking children were atnurfc in the country; 

damp 


Ce trakment m’avoit reufli les trois premieres annecs, tie forte quo prcfquc 
tons ces makdes,. tant adultes qu’ enfans, guerillbicnt ordinaireirient dans I’cf* 
peee die trois femaines ou «n mois Jorfljue lc mal n etoit pas fort avancc. C'ctoit 
en hiver ctau.printein* que.le fcorbut faifoit lc plus dc ravages. 

En automne r77'0,cmdc^ea, centre mon avis, tons lcs. enfens trouves, cjm, 
etoient cn ville au dels de mille (c), dans I’aile de lamaifon achcvde depuia xm 
an, Dans un climat oii 1 * 4 $ eft fi court, les rautailles neoves, faites dc briques,.. 
fcchcnt difScilement, ct cette maiion ctoit fituee dans urn terrein qux avoit etc t«l 
warais quelquea ann&s auparavant. On fentit pendant tout 1’hiver, malgre 

■, ,/>7 r* plus pnns%i pttiti & la snjtmeile Itaitiit«« jioumee i h csmgagiw. 
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damp Was felt in the room the whole winter. The fenrvy 
fhewecl itfelf early in the fpring, and I had many more 
children ill than 1 had had the preceding feafons. The 
violent lymptoms were likewifo much more frequent. 
Many had gangrenous puftules at the mouth, the jaw 
bones were carious in fome; the limbs, particularly the 
legs of many, were drawn up and ftiff. 

1 put all thefe lick perfons in the wooden houfe, which 
had already ferved many years as an hofpital for the 
feurvy, and gave them the food and medicines above- 
mentioned; but the dilbrder was more ftubborn than 
ever it had been, and all 1 could do could hardly keep it 
down, In the middle of May, feeing that the remedies I 
had formerly tried rvere unfuccefsful, I began to think 
of other methods. The reflections communicated above, 

which 


tout cc qu'on put faire pour rdviter, dc 1’humidite dans les diambrcs, Lc fcor- 
but commenca a fc manifefterde bonne heurc, ctj’eus bcaucoup plus d’enfans 
feorbutiques que leu annees prccedcntcs; .les fymptomes violcnts dcoiene auflx 
plus frequents, Pluficurs eurent dcs puftules gangrencufcs dans la bouchti 
quckjuefuns les, os ties micboim caries; d’autres les merobres, furtout les 
jamljcs, /reties et roides.■ . , ■ ,,, 

,, Je mis tops ces maladcs dans la roaifon dc bojs, qui avoir d<$ja fem plufieurs 
annees d^ppitalaux fcorbutiqttei; je leur fi$ donnerda noarrituire' et les Teimedes 
dont jVifsut; roention, , Le mal dtoit plus opiniatre,; e| .ttJ'ut.ce: qne jep«s|alre 
fervoit a peine a en rallentir les progres. .Ver* le ropis 
moyens employesIss anp^s prfic^dentcs, ne fufljfolent p^^ux^^tipcette'ma- 
i ' '40a Cwj 'i adic J 
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which I bad made upon the diet of the lower people, de¬ 
termined me to give my patients thole vegetables raw 
which they had before been tiled to eat boiled. In con- 
feqncncc thereof, I ordered them, every morning, ra- 
difhes, fweet turnips, carrots, and young onions, which 
they eat like apples. At dinner, bolides the foup and 
greens as ufnal, they eat fallad with a little vinegar and a 
very little oil; in the afternoon the fame roots as in the 
morning, and at night, greens and fallad. The remedies 
were continued as before. In a few days all the had 
fymptoms decreafed: thole who were at the word, and 
had been ill for feme time, began to grow better; thole 
who had been but flightly feized were foon well, fa that 
at about a month’s end there only remained a few of 
thofe who had been the worlf, and they too were getting 

well 


Mie> plus enracindc, jo penfal a cliflerens autres remedwu Les re* 

tojmmuttiquees c'y ddlk au fujet de la.dike da bus people*:mc,' 
tletetmmerebti 1 douncr cruets. a mk paths maludcs k:s "vcgckux, qivth man* 
geoieni Cults* le matin raves* des navels 

doux, •desr 'fotgrfok& \U "fes mangeoient . commc des poitmaes 5 

sl’ditier outre la foope et let comma a rordinatre, Us avoient de k 

faiade avee u'n pende vinSig#: 1 .jotf4|&peu d’htnte!/ Taprismikli les riicmcsTacinca 
tpcJe matin*'ct; Ic folr tiniSgumb at de fafaladec; On .conti nuait les memos 
remedk qu*avant. Aubotw dfc'jdmrs„• tom diminneikfjtj, 

.ceux'cpii iStoic'at le plus', fottetnctifc attack* . 

xnois* fc t.rpuvcrenfc foteux m, g&fflr*' Ik lim inalkfk f© ritnU 

nit pa fort peuieteids*, Ae forte mot*, ibnerde : ^eiolt;plk' 

; ■' V ; '' ■' ■ ' ■ , ' ' ' : "V' a,, ; ,' ' 'dam, 
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well at a great pace. This change for the better was ap¬ 
parent in all a very few (lays after they had begun to eat 
the raw greens. I had not at that time read the obferva- 
tions of the Englith phyficians and furgeons on malt, or 
I fhould certainly have made ufe of it. ^uas, which. I 
have mentioned above as the principal drink of the com¬ 
mon people, comes near it, with this difference only, that 
it is not drunk in a ftate of fermentation. It is a fpecies 
of four fmall beer, to which, inftead of hops, they add 
the wild mint. 

The fame method of treatment was attended with 
fiicccfs in 177a and 1773; in both which fprings I had 
feorbutie patients with the fame Symptoms, but not in 
ftich numbers as in 1771 (when there were near iixty) 
becaufe the hotife, having now dried, was become very 

whokfomey 


clans ccttc p.artic de Phopitai quo quvlquefuns tie cxruk qui avosent etc 1c plus. 
mu 1, ct qui fc trouvotent ulors c n parfaitc amvalefvcnte. Cv ehangmicm err 
ithcux fut yifible ches tous.dcs qu*ils curcnt mange ks iegumus aakk pendant 
quclques jours# Jc.ii’avois.pas cnoor alors lu les oMemiions fakes paries m&te—, 
cim cc clvirargkm Angkns fur la dreclic, fans quo! je n’aurois pas manque cPen 1 
fake ufag : e; ; * 1 Ee.'quai* ciont fat patle plus ha'ut, qui fait la, principals lioiffoiv 
'da 'ctrapprochc,,exeeptaeju^on ne lebuir pan clans l" 6m .de tenners 

tatSoft'S'' ,; c f cfi uti’b petite, bierre aigre^, a laqtidkq au lieu de 'haubten, on 'ajouto.' 
'dellferbede' iiienthe fejuVagc*. : , f' , 

; t*e rduffit an prMtcnw fie-t.j fti 'tibHyy.fa -m 

, tb»t€s;l'es 

.■ jgrauid y cn mm -ty; 

' " ■' * iv - r •' Tkaifoa, 
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wholcfomc, and bccauic the foil had been again consi¬ 
derably railed.. 

.1 llvail not prop;be carrying; out vegetal>ics on a voyage 
for the whole crew, becauie that, in, order to preferve 
them, they imvft be kept in dry land, which (if not alto- 
ther impracticable) would be extremely difficult in fuch 
large quantities, not to add that even then a great part 
would be fpoilt : but might it not be poffible to provide 
a certain quantity of carrots, turnips, Sec. and ftow them 
in fund, in a part of the ffiip where they might not be 
expofed to get damj) or wet, whence they might be given 
in fuch cafes as the four-kraut alone would be found in- 
fufficient to cure ? for I am apt to think that thefe greens, 
joined to an infufion of malt, would foon get the bet¬ 
ter of the diforders. 

But 


maifon ayant feche cnticremcnt devint fort Taine, ct que Ikmplaccrnent fut en¬ 
core rchauffiTdc beaucotip. 

Je m propefmi pas d’embarquer fun- ks vaiflfcausc dcs vegcuux frais pew tout 
: l’oqttipageypo«j£.l«» confcmr U faut les tenirdans du fable fee, co qui 
feroit, fi ; du moins tres difficile poui- unc <3 grande quantitc j ct 

que memc malgre ptulkurs fe gateroient. Mais nc pourroit on 

.paten it fervaat-d'e.'!* pour la confervation de la fame d*» marins, 

mettre auffi unc eertaine quantity autant queja grandeur,dcs batimens ct lea 
autres circonftances le perinettroient, de radis, dc carottca, de navet#, et d'oig- 
nons frais dans du Table bien fee a' I’enJroit du navi re ou I’cau et I’humidnd tie-- 
pourroient pas peactrer,' afin de dormer quclquefuns de, ; «^i:l%^in'e8 ; a,«eax > qui 
malgre i’ufage dc la' fauer-kraut prendoient le fcorbut f' Je crois que ces 'legume# 
et t%fufion de la dreche les rgtabliroient bientdt, 

V; ,V 'S* , , ' 1 , ' . ' ■ , tfs* . 
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But if this cannot he fo well done at fea, it is obvious, 
that the cure of the fcorbutic perfons will he much ac¬ 
celerated, if raw greens are given them as foon as they 
come on lliore; a mode which will have the additional 
advantage of fhontening the ftations drips are obliged to 
make, for the recruiting their lick. Nature will of her- 
felf difpofe the lick to make ufe of this remedy, cfpe- 
cially as I have obferved that the ftomach is never af¬ 
fected by it. 

In Auitria, as vrell as feveral other parts of Germany,, 
the people eat four turnips, which arc prepared in the 
fame manner as the four-kraut; that is, after having been 
chopped thin, fait is put to them, and they are left to 
ferment. They are put in tubs, and keep from one year 
to another. 1 propofe this vegetable as a valuable addi- 

tion, 


Si ccla n’cft pas pratiquable quant «n vaift'aux cn mcr, 51 eft ailc d’en con- 
clure, quo, briiju’on met les feorbutiques a terre, on accelcrcra leur guerifom 
en lew dormant a manger triads les legumes qu’on trouvem; oe qui, outre 
l’avanugc de guerir cettc maladie plus furement, abregera lea ftations; queles, 
navires ftrnt Convent' obliges de tenir pour mnetm leurs feorbutiques. line;; 
fera pas diftkil*,de perfuader a ces malatfts de manger les legumes crads} ']anatti : re,i, 
xxotre mcilleur- guide en tout cc qui concerns notre conicrvation, lea y porte,. 
ct j’ai obi'erveque it-ur eftoi.nae ne sVn trouve pas afleflo. -; ■ ; . f. ( ., ., 

En Autriche,, et dans plvifttu n autres parties deTAUem*gne»,l& ppuple manger 
dies' ■ navets algres j ; .*on . Its .prepare de la inters,quo 
ayant hachds menus on y met du.fel, et on les laiflc fermenter. Ils'l©;-confer- 

vent tcutl’hiver, et m^mc d’une anucc I l’autre, dans des. tonneau*;. 

" " '"" ' ' ' eftt 
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lion to the antifcorbutic regimen of fea-faring people. It 
has nearly the fame tafte as four-kraut, and will, I be¬ 
lieve, be found to have the fame virtues: and if lb, 
though it iliould have no other advantage, it will at leaft 
vary the diet, which is itfelf no mconiideniblc advantage 
on a long voyage. 
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XXXII. Comparijon between Sir George Shuckburgh and 
Colonel Roy’s Rules for the Meafure merit of Heights With 
the Barometer ; in a Letter to Col. Roy, F. R. S. from 
Sir George Shuckburgh, Bart. F. R. S. 


TO COLONEL ROY. 

y Wclherlc Sticeu 

^ * April to p 177P, 

Read May 7, OINCE the printing of your ingenious 
l778 * ^ memoir on the fubjedt of raeafuring 

heights with, the barometer, I have been naturally led to 
a comparifon of your rules and ohfervations with my 
owa w ; and herein am not more pleafed than furprized at 
the general correfpondeney of our refults, which carries 
with it the appearance of one and the lame leries of. ex¬ 
periments, rather than of diftindt ohfervations made with 
different inftruments, in different countries, and by dif¬ 
ferent perfons. That the ftandard temperature or zero 
on the fcale of the thermometer fhould be found by each 
of us to fall in the fame point to within one-third of a 
degree is, I think, truly fur prizing; and I doubt not wif 
evince to Mr. de luc the ftrong probability thereisosf 

(*) Vide PMl, Tranf, vol. LXVH, 

Vol. LXVIII. 4 P the 
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the necefiity of correcting his rules. But although in 
this eflcntial and fundamental part of the inquiry we 
agree, there are, neverthdefs, fome little cireumlfcmces 
wherein we differ; it is the 1 object of this letter, sir, to 
point out to you the degree of our differences, a compa- 
rifon that I had the pleafure ilightly to exhibit to you a 
few days ago, and which I trail: will not be found unim¬ 
portant to thole who may he engaged in tliei'e pur fit its: 
if, therefore, you judge thefe remarks of fufficient mo¬ 
ment, I will beg the favour of you to lay them before the 
Royal Society, as the heft means of communicating them 
to the public. 

The two chief caufes of our difference are, the expan¬ 
sion of quickfilver and the expanlion of air. I fhali be¬ 
gin with the equation for quickfilver. 

The mean temperature of ordinary barometrical oh- 
fervations, 1 apprehend, will generally be found to lie 
between 40 0 and 70° on Fahrenheit's thermometer; 

. mow themean expanlion in this range, according to your 

inch on a column of 30- inches for 
io° of heat; bysmy table it is only ,0304 inch,The dif¬ 
ference ,00x9 inch is equal to about 20 inches in the 
refult of the height, when the temperature of the two 
barometers differs io°, and this may reasonably be ex¬ 
pelled only in a height of 3000 or 4000 feet. In an 
■ ■ ' • ■' : '■ '■ j oibfer* 
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obfervation on Mount bKtna, one of the greateft acceffible 
heights in Europe, the difference of temperature at the top 
and bottom might amount to 30% and this would occafion 
a difference of about five feet, which, I apprehend, may 
be reckoned incontiderable in a height of 11,000 feet. 
In fadt, in an obfervation on this mountain by Mr. des- 
saussure it amounted to only 31 feet. I may add, that 
your equation makes the computed height lefs than 
mine. 

I proceed to the expanfion of air. Your equation is 
various according to the circumftances, the difference 
therefore of our rcfults will, according to the circum- 
fiances, be various. The following table will give the 
quantity of this difference, viz, it fhews how much your 
refult is + or - mine upon one thoufand feet, according 
to different preffures of the atmofphere and different 
temperatures. The firfl column to the left hand corn- 
tains the mean heat of the column of air between the two 
barometers; the figures in the horizontal line at top are 
the mean height of the two barometers, or mean prefibre 
of the atmofphere; the common point of meeting in the 
different columns gives the difference of our refult in 
feet, according to the relpedtive circumftances. 
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Thus, if the mean height of the barometer were 27 
inches, and the temperature 52°, the difference of the 
refults would l>e four feet in a thoufand; how far, there¬ 
fore, this is of moment is left to the judgement of the 
obferver. I conclude laftly, sir, with a comparifon of 
your actual oblervations made in Great Britain computed 
after my tables, deduced from a feries of obfervations 
made in Savoy. I have indeed only colle&ed fixtecn of 
your obfervations; but as 1 have diofen fuch as prelented 
themfelves as molt proper, either on account of their 
heights or temperatures, 1 imagine thefe will be very 
fatisfa^ory*-: \C : :r 


Place 
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Thus it feems, that the error of my tables, from a 
mean of all thefe ohfervations, amounts to + ~~oo ; of 
yours, to + 7 ~ 4 ro : but it muft be remarked, that the ftan- 
dard temperature, from whence I compute, is 31 “,24 of 
Fahrenheit, whereas in your computations it is affumed 
at 3a 0 ,o; this difference of o°,76 is equal to in the 
correction for the expanfion of the air: if then we were 
to fet out from the fame zero, viz. 3 2 0 (which I have 
propofed, fee p. 569. of my memoir, Phil. Tranf. vol. 
LXVII.) the error of my tables, according to your ob- 
fervations, would become only T? £- 0 ~, that of yours re¬ 
maining Ts^so- I would by no means from hence con¬ 
clude, that any preference is to be given to the former, 
but would lay, that in molt practical ohfervations, in 
thefe countries at leaf:, it is indifferent which method is 
ufed. Thefe fame companions alfo afford us another 
piece of information, viz. that under fimilar conditions 
the denlity of the atmofx>here is the fame, whether un¬ 
der the parallel of 46 or 56 degrees of latitude. Till, 
therefore, more accurate ohfervations than thofe of Mr. 
BOUGUER (a) can be obtained in the neighbourhood of 

; . , the 

(a) Mr. oouguer’s obfcryations I hold inadequate in l'uch an inquiry, not 
only on account of their incorrcftnefs (for they art; related only to tlw | of a 
French line), but particularly inconclufive, allow them all the prccifion you 
pleafe, as they were not fynchronous; infomuch, thatwc are uncertain whether 
thofe ohfervations, which Ihould be corrcfponding in point of time, were made 
within fix months of each others and with regard to the temperature of l'oine of 

them 
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the equator, I fliould be extremely cautious how I ad¬ 
mitted a latitudinal equation; nor do I think the Angle 
obfervation, related in The Voyage towards the North 
Po e, of fufficient authority itldf to eftablifli fuch a 
theory upon lh> . 

them we are ffill more at a lof$> having a range of no Ids than 38° to affuroe 
it in (vide Voyage ati Per m, p. 29.). The mean, however, of his live oUcr- 
tions, according to my computation, would bring the zero of the feale to about 
40° of FAHRENHEIT: but till it can he proved, that in this uncertainty of 
38° we have, in fixing upon the mean, got die true temperature to within 8'; 
and alfo, that during many months the barometer in the fame place had never 
altered a Angle line; till then, I fay, no fair conclusion, in point of theory, 
can be drawn from thefe experiments, for with fuch fuppoted errors or varia¬ 
tions the Peruvian ob.ervations will agree exactly with thofc in this climate* 

(h) It icems extraordinary, that the heights of the quiekfilver, obierved on 
the fca-fhorc with one of Mr* rams,den’s barometers, Humid differ a quarter 
of an inch from the height of the fame obferveef the feme day, and aim oil at 
the fame hour, with Mr* nairneV marine barometer on hoard a fhip (vide p* 
135 and 148* of The Voyage towards the North Pole)* This difference, there¬ 
fore, I think remains to be explained, if the experiment is to be made ufe of in 
this inquiry; for this fame marine barometer,' compared a few days ago at Mr. 
ibrrtsgn’s, fecretary to the board of longitude, with one of my own, that I ufed 
in Savoy, agreed with it to within 0,04 inch. It may alfo be remarked, that 
Lord molgrave’s obfervation In lat. 79° 44" brings the zero to about 64°; fo 
that between the,lat. 5:6° and 79° (equal the zero of the feale moves 

through a Ipace of no left than 3a 6 ; whereas, between the hit, 46° and 56° it I» 
perfeSly ffationary, at teaft as to fenfe, having altered only one-ihird''olf.a 
degree: which great want of proportion, I think, is of itfelf feme argument 
agaiaft the cxiffencc of fuch a latitudinal equation* Moreover, Mr. booguerT 
obfervations brings the zero of the feale “on the fame fide of 32° with Lord 
MULGRAVftV ,to .about 40°, fo that,if any deduflion is to be drawn from 

thefe obfervations, it is* that the air, both at the equator and at the pole is heavier, 
than 1 in" middle latitudes* which is. no very prdbabf<; xon}#hurt, 
head, more than is intended ftp be proved*'. I ^’Oulffhaye■ Ufced: f|he 
freedom with " which' 1 have dilcuffed this inquiry, were I not allured that the 
acquaintance and friendship of my .Lord. uvmm. a vm» which t have experienced, 
for feme years* will lead him to attribute it to its proper motive# 

, ' ^ f I fhall 
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I fhall now beg leave to conclude with what I flattet 
myfelf will not here appear improper, a new rule for 
reducing the obfervations, and which I hope will be 
found particularly commodious, as it requires no loga¬ 
rithms, nor any other than the following fhort table, 
which may be engraven upon the icale of a thermome¬ 
ter, and therefore, always accompanying the inftrument, 
will ferve for computing the obfervations upon the fpot, 
(if the height ihould not exceed 4000 or 5000 feet) 
which, I apprehend, will frequently be found very fatif- 
fadtory. 

The adjoined table gives the value 
of T ~th of an inch on the barometer 
in feet in the atmoiphere, when the 
quicklilver hands at 30 inches, for 
every five degrees of temperature 
from 3 2 0 to 8o°; and for any other 
height of the barometer it will be. in 
the inverfe ratio of that height to 30 
inches. Thus, let a. he the mean 
height of the two barometers in 
inches; a the difference of the tiro 
barometers in 1 oths of an inch; (3 the number taken out 
of the adjoined table; x the height in feet; we have then 

the following expreffion, =x, the height required. 

I have the honour to be, Sec. 
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XXXIII. An Account of the Calculations made from the 
Survey and Meafures taken at Schehallien, in order to 
afcertain tfie mean Denjity of the Earth. By Charles 
Hutton, Efq. F. R. S. 


Read May 21, f" 
1778. 


HE furvey from which thefe calcula¬ 
tions have been made was taken at and 


about the hill Schehallien in Perthfhire, in the years 
1774, 1775? and 1776, by the direction, and partly un¬ 
der the infpe£tion, of the Rev. nevil maskelyne, d. d. 
f. r. s. and Aftronomer Royal, by whom the manner of 
making the furvey has already been fully explained in 
the Philofophical Tranfa&ions for 1775. 

I have therefore only to give an account of the mea¬ 
fures of the lines and angles, and of the calculations 
which I have raifed from them with all poliable care and 
faithfulnefs, for the purpofc of determining the meafure 
of the ratio of the mean denfity of the earth to that of 
water or any other known matter. 

Thefe calculations were naturally and unavoidably 
long and tedious; and the more id as thc’bufmefs was in 
a manner quite new, which laid me under the neceffity 
. Vol. LXV 1II. 4 Q ■ oi 
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of inventing and defcribing fuch modes of computa¬ 
tion as Should be proper to be applied in fo important 
and delicate a bufmefs. Having, at length, with clofe 
and unwearied application for a considerable time com- 
pleated all the calculations; I have, in*the following 
Sheets, drawn up an account of thole operations, with 
the refults arifmg from them; and have accompa¬ 
nied them with fuch. drawings as are necelfary to il- 
luftrate the deferiptions. I have alfo inferted a fynopfis 
of the meafures which were taken of the lines and an¬ 
gles, from which any perfon may at. any time Satisfy 
himfelf of the truth of the computations that have been 
made and are herein deferibed. Thefe meafures I have 
here immediately fubjoined, before I proceed to deferibe 
the computations made from them.. 


AJynopJts 
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A fynopfs of the horizontal and vertical angles that were 
obferved at the principal points in making the furvev 
about Schehallien. 

Ill the firft column are contained the names of the 
horizontal angles, the meafure of which, in degrees and 
minutes, are in the fecond column, and the vertical 
angles are in the third column, in which it is to be ob¬ 
ferved, that the letter denoting the object is placed before 
the degrees and minutes, and e or d after them, to fhew 
that they arc in elevation or depreffinn refpedively. 
The mark * placed to the meafure of any angle denotes 
that it is the mean of the two obfervations made with 
the inftrument turned different ways; namely, after the 
firft obfervation, revcrfing it to make the fecond. Alfo 
the mean height of the theodolite is put down to each 
ftation. In the vertical angles, the bottom of the object: 
is underftood, unlcfs where the top is mentioned below, 
and fometimes the height of the pole is added in feet 
and inches. , 
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82 53 * 

12 ■ 

V 

10*33 K 

Y . 5 / /It A IB 






V * JCW 


At x ’ 

Theodolite 

! 

4 ft* 9 10* 

■1 

VVN 

90 24 # 

N 

9 * 3 6 i E 

OIF, , 

37 * 

I ‘P 

.,4 

« 4 i« : 

vyc; ,, 

116 52 * 

G 

1 # 35 i E 

QZY 

1 « 39 "’ 3 a i* 

!<y 

;»■ 

3 Sl» i 

VYH 

126 57 # 

H 

, I* 0 E, ’ 

, WIG . 

1 18 

w 


YYW 

130 33 * 

;W, 

2# 2 X „ 


1 iH* 

© 

0*31 £ , , 

VYE 

.138 44,# 


2* 33 iE . ■ ; 

wlf/ 

38 42 

, p 

4 * 22 |E l 



- .r ■ 


.■ . * 

38 I2f * 



V f| 




■ , , ( .K-1 


At-. 




Mr. hutton’s Calculations to ajcsrtaln 

Th^doliw = 4 ft- II in - 1 aY j" 7 a ' x J Y 3# SiD 

I°7 25'4* ® 2 * 2 ' 8 * E I UZV I 134 4 i * V 2 * 3 I 'i D 

x7 25 * 2 * a6 I UZT 144 27 1 -* T 3 * 5 6 i D 

34 24** o 2 * 47 i E I « 2 * 45 l E 

7043* E 9 * I0E I-—- - -" 

*ji 23 I# k. 9^ J At it Theodolite = 4 

71-24* 9 * 55 ZUT lB T 

112 32! * W 0*2 S iE I Z XJV 28 54 i* v 

ug 57 * X. 0*34 E I ./uo 124 4 2 * 0 

147 51I* Y 3 * 3 l 5 D I zun 125 9 l* N 

147 50 * 3* 28lo 1 7UX 128 2-2* x 

T o 6 E j zVA SS7 55 *| A 

«« ^ sii* * 

x 8 41 I* v o* 8 |d j 

■30 I * *- 0 * 27 l E I 

n 6 . 8 l* » 3 * 3 >* A “ TWofe- 

>33 3-5* » 3*49i‘ “* 

Y 2 IOD I OXS S 3 20 * 

,8 4. * V =* 6 » o» >39 *4* 

• 4843 * ‘ »* 3 ° 1 I 0X0 17+59 * 

04 a * E 9*4 2 

* * 3 _ 1 .-. ^***m**r«' ' mmm 

. 1 3S xl* u , 3 * 3 * 5 e Y~ 

152 .X 4 I* z 3*5° E I Ats Theodolite — 

V o 7 D j RSA 18 27 

rTwMtoTTiiTiin. *>* <8°8 

«o S3l*[ * °«° ” “* ” 5 ' 

a6 5 * 'A x* 5 8 i E I Rs0 90 

16 18 * X x*52 0 as*; *?* 1 

33 181 * 0 3 * 58 - E _ -— 


At u Theodolite = 4 ft* 10 m * 
zirr 18 »oJ#| T 3*3 2 5° 

zuv 28545* v 2 * 5 ! D 

ZUO 124 42 * 0 4 * r 5 E I 

zun 12 s 9i* Nl 0 #I 3i E 

zux 128 2-4* x I0 * SSz D 

ZOA I 57 5 S* A I * 36iE 

zua 160 375* R 3*3 8 D 

z 2*51 » 

i At x Theodolite = 4 ft. 7 in * 
oxa 40 59 ' 1 *. A 4 ** 5 ^ 

oxs 53 20 * s °* 44 l E ! 

0X2 139 «** U IO * 495E 

oxu 17459* z 1 * 48 p 

0 ii*i 3 i E 

. .... w ***^«^* 

At s Theodolite s= 4 9 * n * 

RSA 18 27 A s 24 £ 

MA X8 28 * 5 20JE 

R.SN 72 S 1 N l8 40 E 

RSO 90 s 8 0 *3 < 9 i® 

RSX 17* 1 % ° ' SS|D 

R D 24 iE 


a 



the mean Denjity of the Earth, 


6 9S 


' At R 

Theodolite 

= 4 ft. 6 in. 

the E. end 
of the S. 
b*ifo* 

/ 

■ 

0 / 

KRN 

4 * 6 i 


b"ra 

20 36^* 

A 6# 27 vE 

b"rm 

84 32I* 

N 19* I7|-E 

b"ro 

HI 465]:* 

0 11*574:12 


100 14-1* 

a 20 * 2 E 

BORIS' 

121 275* 

( 3 ' 15* II|E 

b''rs 

I77 39 


e'rz 

l86 53-J* 

Z 0^46 E 

its, fup. 

173 6|* 

0 12 29 E 

At it" 

Theodolite 

r: 4 ft. to in. 

tbeW.end 
of the S. 
bale* 



rb"s 

0 551 

R O 37 D 

RB‘" *ff 

36 8J* 

/S' 10*24 £• 

Rl/'o 

37 27 * 

0 7 * 353 ® 


50 49-t# 

a' 15*48 E 

RB"-N 

65 46** 

N 17*33 E 

r is" a 

i 39 ai* 

A II * 22 |E 

At o 

Theodoli tc 

= 4 ft. 7 in. 

the fS.oh* 
fcrviuwy. 

;kos 

35 39 * 

s i3*25ln 

■ XOM 

42 12|* 

. M I3*I2|0 

•XOfc 

5 ** 494 ^ 

R 12* 4 D 

' X0b" 

89 35 * 

*" 7 * 39 i D 

XOA 

n 5 43 l* 

a 0*59 0 

XOXT 

. 1 39 * 

u 4 *. 4 j» 



0 ^, 

0 / 

xoz 

*3 38-1 * 

Z 4% O D 

X I 1 l8 D 

MOR 

16 36J* 

R I? ( # 3 |p 

mob" 

47 23 * 

7 * 39 i f> 

MO A. 

73 3 2 i* 

a 1# ojn 

MOB 

8l 22 # 

13 I* I vl) tOj> 

MON 

*34 39 

M 13 l6 

N0& 

95 1 


MQoc' 

156 34 * 

*' 33 * 47 i Eto l’ 

MO 0 

125 45 * 

/S' 21 * 29];E 

MOZ 

65 5 l i* 

z 4# 0 D 

MOU 

43 5 1 i * 

u 4* 3'-d 

MOX 

42 * 3 »* 

X 11^19 B 

MOS 

6. 34 | * 

S 13* 22yD 

M h in the meridian paflln 

through <,n and it* a 

little Smith of the imcrkition of that meridian 

aiul the Ime u«. 


At 1* 

Theodolite 

zz‘ 4 ft. 10 in. 

the N. oh* 
lervatory. 



NPK 

77 *81 


am 

i ?9 353 * 

G 5 39 ! 0 

GEH 

47 45 t * 

H 7 #324:0 

GPW 

69 O4 # 

w 5*37 t> 

GEE 

80 9I * 

L 4* 27*0 

ope' 

2Q 54 * 

f' 5* 6 B 

C%M 

38 i8j* 

;» 12*20 0. 

y'py 

45 39 

1 by reduction 

yPK 

2 55 l ' 

*> 

y from p hears '30# 41',$. E. of South* 1 ( , 
l* from p bears 14 57 W. of South. [ ' 

m is Mr. mason's. mark.. f 

.i'.«——» 


At: 




&g6 hutton’s Calculations to ascertain 


At N 

the Well- 
ern cairn. 

JECNO 

K.N R 

K.NP 

KN^ 

KNy' 

KNA 

KNB 

KNC 

KND 

KNW 

KING 

KNH 

KN m 
K.NW 


knl 

KNY 

RNy' 

KNK 

K.N^ 

KWfU 

K.NS 

KNR 

klnb' 


i'heodolite —- 4 * n * 

0 t 

^by reduction 


/ 

Si 


40 

74 48-? 

50 47 s 

9 37 >; 

2 n| 

133 S3 * 
146 15I* 
178 30I* 
17a 51 * 
144 371* 
98 23 * 

69 13 } 

64 27 * 

36 22 * 

49 7 * 

18 50 * 

2 15 * 

J I'si# 
9 37i* 
41 4i# 

60 44 * 
74 48 I# 
104 30 * 


A I 2 * 22 |l> 

b 11*17 « 

c 10 * 4 B 

d 10*39 n 

w 4 * 30 |u 

g 16*55 » - 

Pole 4 ft. 4 in. 

H 14 38 DtOf 

Pole 6 ft. $ in. 
m x8*SS » 


V 7*3° » 

K 6*3810 

V 6*25f» 

■o I0*12|»t 

s 18*41 » 

R 19*20 » 

b"17 * 35 i D 


At & 

the Eaft~ 

Theodolite 

- 4 ft. 8 in. 1 

ern cairn. 

0 t 

0 / 

NK.O 

NKR 

44 sij 1 
64 Si - 

by redu&ion 

NKP 

NK?Z 

NK.F 

5* 545- 
0 45 * 

43 3 2 i* 

N 6*41 E 
n 6*36 E top 

F 9*46 D top 
Pole 4 ft. 2 in. 

G 10 * 16 utop 
Pole 4 ft. 4 in. 

o 10 * 14 ^ 

0 10 3 » 

H 12 7 ntop 

Pole 6 ft. S in. 

h 12 * Sin 

w 11 * 28 v top 

J NKG 

51 40 * 



NKa 

NK.H 

SS 12 

8 i aS 

81 275 * 

97 18 * 

man 

NKW 

Pole 7 ft. 

NIG. 

) 

109 19 ]* 

1 . to *25 ntop 
pole 6 ft. 8 in. 

' NKL 

109 i 8 £* 

x. l%* 23 |o 

P NKY 

1 S3 4° * 

y 10*30 n top 

NK.V 

174 20 * 

v 9 * Si Dto Pi 

P 

NKR 

136 18 

-■ E $ 34 G top 

nkV 

xi 36 * 

« 6*3l|:E 

nkm' 

78 * 

■ M' 4*5 , i E 

- NK* 

6 2 ?* 

• * 6*53 * 

p 

#Kt& 

54 26 5 # 

. a 10 31:0 

n K <* 

,94 2 S'x* 

!. * jo* 3 |p 

i 

tiK0 

39 l6 £* 

1 /3 8 *s 8 ii> 

a ' K ®' 

3p 

37 39 

■< -6 3* * 


A 



the mean Ben/tty of the Earth 


Theodolite zz 4 it, 4 in* 


the E.end 
of the N. 
bafc. 


| At n 

It he new 
|W\ cairn.- 


i heodolite zr 4 it. 9 in. 


At jS 
between « 
and y the 
ends ofthe 
N* bafe. 


106 O * K. IO* "ijE 

xox 3*0 9*37 |e 
89 41 * n i3*45|e 
89 25 * n X3*49|E 
47 38 * f' 8* 6|e 
0 o 19 » 

y O O top 
Pole 3 ft. 2 in. 


Theodolite zz 4 ft. 8 in. 


x74 S 1 

*47371 
71 49 * 
108 i|*| 

70 s8§* 

7 1 57 ** 
xo8 9I# 


* 0 41 iE 

*' i*as|E 

F' IO*22j E 

d 9 #i 7 |e 
n 13* 5|e 
D 9^17ftE 
F' IO*22|E 
<* O# 6 D 


At E 
the mw ] 
E. cairn, j 


At 7 
tht Weft* 
cm end of 
the North 
bafc. 


Theodolite = 4 ft. 8 | in. 


6 i * 

63 53i* 
97 Si* 


f' 8*23fE 
n xa#a7j£ 
d 9*41 E 

« o# 2 ptop 
Pole,; 3 , ft. 2 in. 


108 59-I * 
iaS 35I* 
128 55J# 
135 4 °i* 
*73 55 
38 28|* 
102 54!* 
53 49 * 
75 24 * 
78 44* 

*04 35 

124 34 

*73 55 
*3» 59 


k 6 # 4 o|d 
£ 13* 7 -|n 
f' 14 * io|d 

y 12*29 D 
0 10*45 D 
W I 42 D 
E"i 7 31 0 
A X 2 * 211 D 

g 17 * 3 |» 

P" 20 * 2|D 
p" is a pole in a line 
with p and k, 

h i4*42|n 

t to 56 b 

<* i 3 ^ 5 i|i) 

a 13*54 B 
j n n was cr 9 5 J feet by 
tins tape mcafurc. 


Theodolite' zz 4 ft\ 9 in. 


10 51 * A 6 * 2 2 J E 

4 58 I* M' 4 *45i f - 

4 5X|* 0 6*4i|e 

22 I,4i# k. a*xx|E 

7 8 40I * it 11* 47§ 0 top 

Pole 6 ft. 5 in. 

94 1,7 * w 11 * i6f»top 

■ , j.. ■ ' Pole 7 ft. 

406 ;,ar| 4 f ’ •;.»' its * 17 x> top 







net 

0 i 

I.51 16 * 

NEV 

172 20 

NET 

172 22 J* 

NF.Z 

144 46 # 

NEW 

114 20|* 

«'£«' 1 

68 35I* 

«'eJ' 

73 S°l* 

«'en 

78 39I* 

fl'E*' 

97 17 * 


jV 4 K hutton’s Calculations to afcertain 

I i At f I Theodolite zz 4 ft* 8£ * n * 


AtM' 

the meri¬ 
dian mark 
on the top 
of the hHI 
iSputhofF* 

km'e 


kmT 

km'w 

km'h 


Y XO* 37 D 

V 9*15 ° 

T 9 * 4 TjDtOp 
z 9* xS^D 
U 10* 4 tD 
a 6*21 It 

y 6*3 ? t 4 e 
n 6*33® 

V 9* 5 i° 

tl 8*27 ° 


Theodolite = 3 ft. iq§ in. 


km'f. 

'' . , ? 

KM'P. 


3 28I* 

6 37 - 1 * 
53 2 7 l* 

63 12-1* 

78 

86 33 i* 

,fr,S 4 : ; % 

J 08 49 % 

>176 »§# 


e 4 * 5 6 i° 
y' 6 * 3|d top 

L 10*19 Dt i 0 P 
Pole 6 ft. 8 in. 

W 11*41 D top 

Pole 7 ft. 

h ia*sftl» to P 

Pole 6 ft. 5 in. 

ct 22* 12 ° 

P 22*10 o 

o 12*33 » t0 P 
£?<&«. 4 ft. 4 >«. 

; f ■»«$ 

y ft * 8 B J ■ jj; 

k 5 ■ s » , 


At t I Theodolite == 4 “• ®z m * 

ff'ti,T er 0 ' 0 y 

t ran fit in- 
fi rumen t 
near tlu; , 

: N, obierv. 

m' ftp' 32 24 * f' 9 *i8-J» 

m'Og 32 57I* c 5 * 58 Id 

m "tm 5 14 * m I2 * 3 2 I° 

m'Oh 14 28 * n 7 * 441 ° 

m'Ow 3,5 23-1* w 5 *47 Id 

m"/l 46 as * t< 4 * 351 ° 

n/p 63 13 * p 12*50 1 ® 

. mm' 68 15 * M'22* 5 e 

mtG 144 17 * 0 5 * 57 l D 
hj/h 96 5 2 * ** 7*431° 

mtvf 75 56 * w 5*47-1° 

mth 64 58 * t 4*371° 

istr 54 4!* p i 7 * 42 |°top 
?« 4* 3 E 


m" bears 1 ' 8" W. of North. 
m' bears South. 

v* in a line with K and f». r 

I j>olu,hnmt*di«tely above or South'of the tranm 

ittftrument. 

At p Theodolite zz 4 ft, 5 in. 
apM' 147 5 * -w-'aa* 8 |e 
C /-y 133 6§* y 24*18 e 
Gpl- 26 43 F 5 26 ° 

Gpp' 034I* V' 9 ** 31 ° 

3247I* M"*3*25iD 

opt : 32 48 * 19 •*?■» ; 

■ opm • 38 '/.of* x2*34|o 

o>W ; " AVI*""* 7 * 4 Ql° 


the mean Denfity of the Earth . 699 


GpW 

68 3 1 * 

w ° 5 * 5 i-}i> 

K«'o 

73 39 * 

0 33 *S« » 

GJ>P 

7 6 55 }* 

p 13*49-50 

K«'0' 

28 45* 

0 15*5650 top 

Gph 

79 °I* 

L 4*3950 

K#Y 

4 S 31 * 

r 7 * 35 $- t0 P 

G pm* 

lax 24 # 

tri 4*50^0 

K»'f 

65 24 * 

y 3 4*1 top 

Gp E 

179 37 * 

E 17 *39-|E 

Had' 

13 48 * 

role 17 ft, 411% 

is a pul 

c a little above or 

South of p. 

d' i 2 * 54 |o 




v ’ n f 

8 3 6| * 

0 8* 3 |D 




net u 

At wj' 


M'22# 8|e 

e«'k 

2 49I* 

E 6 30 D 

G 7 ?/m' 

14s 4 i* 



Gm'0 

I31 II # 

P 24* I2§£ 



* 

Gm'p 

57 53 l* 

j> a#4? x> 

At 0 

Theodolite 

= 4 ft. 9 in. 

Gmi 

34 43 

X XO 15 D 

the South** 
eaft pole* 


. 

Gm' f 

13 1 * 

F 5 * 22 |o 


S6 47 * 


G/ZfV 

0 *9** 

p' 19* 19 r> 

a' 0 G 

0 2!#45§D 

got'm" 

32 29 i# 

M"X3*23|D 

a f 0 B f 

62 2l|* 

b' 10*28|d 

got'j? 

37 6 # 

p i8*x6|r> 

» 0 R 

84 46 * 

a 15*17 » 

gw!' tit 

37 491 * 

m I2*36Jd 

00 U 

96 41 * 

m * 7 * 3 l» 

Gm*B 

1 

47 10 * 

h 7*49 o 

00 K 

114 8|* 

*' i 5 * 42 -|e 

1 

W 

68 xi * 

w 5 * 49 l» 




VJf/// W 


■H 


, Gffl*b 

79 * 7 l* 

x, 4*4o|o 


Theodolite 

' = 4 ft. 4. in. 

, G/#'£ 

177 S 3 # 

e 17*54 B 

the North- 
call pok 








At m 






' PJtfK 

*5 57 


n/p 

5 6 Ssl# 

P 18* 3|D 

PW# 

37 ” 


wy'f 

tin'n 

SS aal 
o,5o|* 

t'l 7 49 i D 
.«' 7 15, £ ; 


Theodolite 

* f. :i 

:* = 4 ft. ii in. 

kb$ 3 oiU:K< 


8 17}* 

a' 7 * 5 : 9 Js 

weft pule* 


K 6 # 43 io 

NyV 

14 17 * 

■ <*' 7*31 £ .. 

. K«'W 

*49 3 # 

k/k 

. 151 54 §# 

K I# 34 i® 


13* 3 # 



n 7 *,i» 3 is ... 


lot 7 i 4 f 

a ao# 9 0 


1 ' . 



4 R a 
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Mt\ button’s Calculations to ajcermm 


m r 

theltfortW 
I well pole 

KT'm' 

y 

KiV 

iQ'p 

K$'# 


K^N 

kV 

kTb 

7 ^ « 


Theodolite zz 4 ft* 4 


o V 

2 53. * 

4 29 * 

73 20!* 

74 35 i* 
108 48^# 


m/ i 2 * 3^i" ® 

/ 8* 8|d 
m'24* 9 £dco1> 

£ 24 *.l 6 -|Dtop 

* 12# 8 §Dtop 
Pole 4 ft, -4 in. 


164 19J* 
108 56 * 

2 30! * 

9 Si* 

113 20|*| 
70 I 4 §* 


N 6* 8§Dtopj 

sc 7* 3 D 
e 6*49 *> 
a 8*S°i D 

f 24 2°i D 


At f' 
df'« 
df'p 

EF'm 

pe '(3 

DF'y 

dfY 


At i' 
@i'F r 
$t'k 
V'fk 


Theodolite 

56 241 7 ® * 

77 371 * 
174 40I# 
124 47 * 
103 4 * 
77 42 


Theodolite 
57 7 
”5 32 
173 38 


. 4 ft. 7§ *«• 


<* 8*I2f» 

0 xo*3oJ-n 

y 8 # 28|t> 

D 7*11 E 

ss 4 ft. to in. 
0 ** 37 §° 

k o 4T D 

*' 7 * 5 °i E 


At I 

a r 

Theodolite z 

0 / 

4 4 ^ 

4 ft. XOf in. ’ 

0 1 

F 5 II E 

f'f* 

3+ 47 

« 0 27 X» 

*96 £ 

37 *3 

(3 O S2 I> 


1- 

t* O 26 £ 

At a 

----j 

Theodolite 

~ 4 ft. S r , in. 

Art KL 

H 3 57 l 

K. 14 45 B 

Top of the cairn. 

ban 

*55 2 4 

ba W 

80 40 


bat* 

59 4 8 



Theodolite 

=: 4 ft* 6 in. 

Mb 

43 35 

K 13 3 2 E 

abK 

18 49 

Nil 26 

abw 


* 5 37 

Atd 

Theodolite 

— 4 ft. 9 in. 

cdti 

x 4 ** 

NIX 33 E 

cdo 

34 S 3 


edn 

63 27 

H 6 36 D 

cdh 

XXI 12 

i. 6 42 n 

- At c 

Theodolite = 4 8 >»• 

dCb 

49 34 ■* 

^ 1 7*ax|D . 

dm 

97 9 * 

H 9 * 171 ® ■■■ 

dco 

136 9|4 

f,. c 4 * 5 ®:» -■ 

, <Ax 

1x8 S5§-> 

* 14 * 35 $*., 

' [ ,df#.. 

144 2® ; 

. :F 4 24 D L 
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At a' 

Theodolite 

rr 4 ft. 10 in. 

At / 

Theodolite 

= 4 ft. 8} in. j 

Ea'd 

o / 

103 48.* 

0 i 

v , 7 56 e 

. ddbX 

-X 'It 1 12 P* 

0 i 

b' 6# .1 e. - 

E 

97 5 |* 

y s* 10 f. 



d gif 6 e 

• 

E ah' 

65 58I* 

b' 6* 4|d 




E dd 

88 6 * 

/ X X # 20 * O 

At/ 

Theodolite 

= 4 ft. 5 i'11. 

E // 

I08 2l|* 

d! 2 * 34 iE 

u'el'a' 

16914 

«' 12 * 35 §E 



E 7 I9E ; 


7 , 

■ i 

a' a - 48 0 - 

At b' 

Theodolite 

= 4 'ft. 9I in. | 


. ! , 


c'b'a' 

36 411* 

«' 5 f 644 i* - 



r \ ■ , 

c'b'E 

S 3 a6 i* 

e 8*4x|e 



it i>t T« ' , 

| 

4 . • 

/ 4 41 V 




\ , 


Several other angles and bearing of objects were taken, 
which, being of no ufe in computing the attraction of. 
the hill, are-here omitted. , 

The foregoing tables, containing all the angles col¬ 
lected together which were obferved at the fame point, 
include all thp horizontal angles that wjere, ,■*# different 
times, taken for afeertaining the relative places of the. 
principal points and objects on a horizontal plane. The 
numerous other angles tiled, in finding the feCtions of the 
ground, are given hereafter, with their computed refults. , 


ann 

" f 


». 1 
r 'J XV 


. . .. . . 

We now proceed to fpeak of the two principal bafes 

which were accurately meafured, as foundations on|i 
which every thing elfe mult depend; and firft, 




7G1 Mr. hutton’s Calculations to afcertain 


Of the meafure of the bafe rb" in Glenmore, the valley on 
the South of Schehallien, taken the 16th, See. of Sept. 
1774. 

Here a and b are the names of the two meafuring 
rods, which were laid down alternately in the order as 
expreffed in the following table of meafures. The 
lengths' of thefe rods, by the brafs ftandard, when the 
thermometer was at 6 if, were thus, viz, 

r a=io feet 1*155 inch.= 10*104581 ^ 

1b = io feet 1*313 inch.=10*11015 J 

The numbers following each rod, with the fign + inter- 
pofed, are inches and decimal parts; and they denote the 
diftance beyond the end of each rod to the beginning of 
the next following rod; and, therefore, the fum of all 
thefe numbers muft be added to the fum of the lengths 
of the rods themfelves for the total of the meafures. 
Alfo, as the firft rod began at 1 feet 8 inches from the 
point r, this number is to be added to the total laft men¬ 
tioned, to give the meafure of the whole bafe from r to b". 


448*19 



the mean Denfity of the Earth. 
» +3’4S 


A + 8*29 
E + 2*53 
A 4 " 6" 11 
b +6-66 

A +2*79 
B + 1*20 
A + 2*07 

b + 4*80 

A + 0-00 

B + 1*78 

A +3-29 

B +2-85 
a +6*39 
b +4*86 
a -J- 6*oS 
B 4* 8*58 

A +9*07 

B +i *53 
a +2*28 
b +7-47 

A -I* 2 ' 4 ° 
B +5*42 
A + 7 * 42 : 

B + 8*14 

A +8*77 


A +3*80 

n +6 64 

A 4-7-76 
B +3*28 
A 4-4*87 

b 4-6*18 
a +8 *70 

A 4 - 7*87 

B + 4*75 

A +6*56 

B + 5*24 

A +7*90 

B +6*32 

A + 6*92 

B 4-7*28 
A +6*34 
b +8*93 
A + 5*39 

B 4 - 5'20 

a +3-54 

B + 1*26 
A + 3*20 
B +5*34 


B 4 - 7*22 
A +I* 9 X 
B +4*46 
a +1*95 
E 4- 2*26 
a + 4*54 
B +4*48 
A + 3*14 

B+ 3 * 3 8 

A + 5*00 
B +4*85 
A + 6*12 

b + 3*44 
a +6* 18 
B + 4*19 
A + 4 ’ 5 I 

B +3*04 
a +4*37 
B +2*96 
A +2*47 

B + 3*90 
A + 5*78 

b >1-3*97 

A +4*87 
B +4*83 


a 4 - 3'34 
b -1-3*65 

A 4-6*96 
B 4-3*07 

a 4 - 3*55 
b 4-2*93 
a + 5*53 
B + 5'33 
a + 4 * 3 8 
B +3*67 
A + 5*12 
B «f I *06 
A +5*96 

b +2*47 
A +3*84 

• B + 5*57 

A +2*63 

b + 7 * 4 i 

’ A + 3*1 I 
B + 1*74 
A + 2*07; 

s +4*33 

’ A + 5*93 
B +6*36 


A + 4*47 

B + 3*75 
a +4*74 
b + 3*06 

A + 2*58 
B + 4*15 
A + 3 *l 6 
B ++'64 
A +3*26 
B +4*l8 
A + 4*04 
B + 2 * 92 ' 

A 4- 3*10 

B +5*11 

A- +4*61. 
B +3*34 
A + 2*57 
B +5*80 
a +3*37 

B +2*58 
A + 2*24 

B +3*48 
a +2*95 
B + 2*88 


703 

A +3*69 
B +4*07 
A + 2*75 
B +4*65 
A + 4*07 
B +3-23 
A +4* i 6 
B + 5*73 

A + 4*12 
B 4 - 4*91 

a 4 - 3 *^ 8 

B + 3*91 

A +5*28 

B 4 - 2*90 

a + 4 * 39 * 
b +4*37 

A +3*29: 

B +2*12 

A +2*95 
» + 3 * 3 ° 

A + 2*82 

b +3*97 

a + 1*37 

B + 0*00 


a + 3*74 

The fum of all theft is 74A + 73B + 669*28inches,, ' 

or 74 A+ 73 B + 55 * 7 ^$fe,et,,indiid'-; 

ing the 2 fieesilt inches. : at the : he~- 
.. gjahingof - . 

6 " ; .V ' , '..Mow 
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. Now 7 4 a. is = 1487*73892 

73B is = 1468*04825 : 

The odd parts 5 5*773 

Sum 3 on* 5 6 017 = the bafe unreduced. 

But a reduction of this muft be here made according 
to the ftate of the thermometer, and for the wearing of 
the brafs 5 feet ftandard (fee Phil. Tranf. vol. LVIII. for 
the year 1.768, p. 313, Sec.). Now the difference 
between 62° and 6a| being •], therefore 3011*56 

* i §00000 x 12 «? ® ^ 1*56 x = 0*024 ^*et, is 

the fmall correction on account of the thermometer, 
and which being added makes the number become 
3011*584 for the length of the bafe as reduced to the 
ftate of 62° of Fahrenheit’s thermometer. But the 
brafs rod had been —k-th of an inch fhortened by wear¬ 
ing, and it was originally T ™th of an inch {hotter than 
the Koyal Society’s brafs ftandard yard, fo that it is now 
- 5 -y- 0 dth inch fhorter than that ftandard in the length of 
3 feet, or TS ~ 0 -th part of the whole; therefore fubtratfb. 
ing the part, or *167 from the above quantity, 

there remains 3011*417 feet for the corrected meafure 
of this bafe, or the true length of the line rb". 

The above meafures, as far as to that marked # in- 
clulively, together with 10 feet ioj inches more, reach 
4 1 ■ ■ ■ to 
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to a place to which they had before meafured with the 
tape line, and by it found to be 2844*8 feet; while 
the meat tire of the fame by the rods is found to be 
2,839*3 feet. The difference is 5] feet, a i'mall part of 
which might be owing to the unitable date of the wooden 
ftands ufed in the firil quarter of the bate; but the 
greater part of this difference is more likely to be owing 
to the uncertain way of meafuring with a tape, which, 
to fay nothing of the ground not being quite level, is. 
liable to be ft retched more or lefs in length with dif¬ 
ferent degrees of tenfton, and to be varioufty warped in 
length by moifture. 

Of the meafuremmt of the hafe ct$y hi Rannoch, to the 
Nortb-zvcfi of the bill of Schehallien. 

1. One part of this bale was meafured twice over in 
different ways. The part a /3 was carefully meafured on 
the 8th of October 1774 with a chain, and found to be 
63 chains and 40^ links, or 63*405 chains in length. 

Now on the 24th of the fame month the chain was 
meafured by means of the five-feet brafs ftandard, when 
the thermometer was at 38°-, and the length found to be 
65*94542 feet. Hence then 65*94542 x 63*405 = 
4181*269 is the length of all the chains, to which, add- 
Vol. LXVIII. 4 S ing 
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ing 1*764 the breadth of the 63 iron pins, the fum is 

4183*033 for the length of a/3 uncorrc&ed. 

But 62-3 8-’-= 2 3-’, therefore - 2 3-1 x Wo ^ x 418 3 
--1*056 is the reduction on account of the Hate of the 
thermometer, which being applied with its proper lign, 
there refults 4181*977; and from this laft number de¬ 
ducting again r—^th part or *232, on account of the 
wearing of the brafs lfandard, there then remains 
4181*745 feet for the length of the part a j6 of the bale 
in llannoch, as meafured by the chain. 

But as the chain was meafured not at the fame time 


with the bafe, but between two and three weeks later, 
when the air was probably cooler, the reduction above 
made for the Hate of the thermometer is perhaps feme* 
thing too great, and we may fafely conclude x (3 to be 
equal 4182 feet as meafured by the chain. 

2. The whole bafe otfty was next, on the loth, 1 ith, 
and 12th of O&ober, very carefully meafured by the 
twenty-feet mcafuring rods. The rods at that time mea¬ 


fured thus, 


20 ft. + 1*306 inch. - 20* t o8| *] 
so ft. + 1*354 inch. = 20*x :t 2-" 1 



the thermometer being then at 40°. The number of 


rods and the additional parts were as follows. 


A* Hh* 
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B + 2*96^ 
A + 2 * 2*7 
B + 2*60 

a + 3-08 

B + 2*23 
A +4*70 
B + 2*28 
A + I 79 

& +1*83' 

A +274 

JB* +248 
A + 2*23 
b 4 i *66 
a +3*68* 
B 42*31 

A 4 2*20* 

B 4 3*06' 

A 42*36 
B 4 2*24 


a 41*66 

B 4i*S3 

A 4 l,* 8 o 

** 4 3"S3 

a 42*45 

B +0*00* 
A 4 2*36 
B 4275 

A 4 177 
B 4 i ‘55 

A 41*97 
B 4 2*04 
A 4 2*56 
B 42*15 
A , 42*26 
» 42*37 
a +1*94 

b + 1*97 

a ’ +1*94 


b 42*77 

A + 2*09 
B +2*14 
A 4 2*45 
B 42*98 
A 42*40 
B 42*50 
A +2*82 

B +2*37 

A +2*76 
B + 2 * 9 ! 
A +2*58 
B +2*34 
a 42*86 
B 42*67 
A +2*19 
B 4 2*37 
A +2*93 


b 42*37 

A + 2*86 
B +2*42 
A +2*l6 
B + 2 * 2 ! 
a + 2*75 

B +2*03 

a 42*73 

£ 42*14 
A +1*57 
B +1*77 
A +2*21 
B + 2*1 I 
A +2-99 
6 4 2*06 
A +2-36 
B 4-177 

a 41 66 


b 41+6 
a 42*33 

B 42*65 
A 42*14 
B 42 ' 3 S 
a 42*43 

r- 4 2*59 

A 42*48 

B 4-2*48 

A 4 2*91 

B +2*47 
A +I»8o 
B +1*99 

a 42*81 
b 42*44 
a- 42-07 
B 42*44 

A 42*11 


b 4 2*49* 

A 4 2*11 
B 4 3*03 

A 4 2*67 
B 42*43. 
a 4 i *93 
b 42*75 
a 41*99 
b 42*1.7 

A +1+3 
b +1*93 
A + 1 + 5 , 
B -j-l*04 
A 4 l*(j6‘ 

a +2*7.7 

A 42'25 
B 41*79 
A 40*00 


Of the foregoing meafures, the fum of all from the 
beginning to that marked 4 inclufively, together with 
r 3 feet 2 inches more, brings its to the point 0 before 
meafured to by the chain. Now to this place,, by adding 
together the meafures, there are found to be 103 a and 
1 oa b, and the fum of the parts is 586*71 inches. 


Then 



the mean Benjity of the Earth. ' 709 

Then 103 a = 103 x 2 o*io8 | = 2071*210 

I 02 B= 302 X 20*1 I 2 |= 205 1*509 , 

586*71 inches = 48*893 

13 ft. 2 inch- = 13* 167 

Hence a/$ (unreduced) is 4184*779 

But iince 62 - 40 = 22, therefore the reduction for the • 
jftate of the air is - 22 x j—Wo * 4185 = -*989, which- 
being applied to the above fum, there remains 4183*79 
as correlponcling to the ftate of 62° of the thermometer.. 
From this lail: number deduct its -^—th part, viz. *232, 
and there refults 4183*558 for the correct length of the 
part ct (3 as determined by this very accurate method; 
which is but about a foot and a half more than what it 
was found to be by the ids accurate meafure by the 
chain, which is a nearer approach to an equality than, 
could well be expected. 

To determine now the whole length of the bafe ay;- 
by taking the whole fums there are found to be 146 a. 
with 144B and 779*78 inches of the odd parts. 

Then 146 a = 146 x 20T08-* = 2935*890- 
1448 = 144x20*112-1=2896*248 
779*78 inches = 64*982. 

The fum or ay {uhredueed) is 5897*120 . 
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The correction for the thermometer is - 22 x jy— 9 — 
x 5897 = - 1*394, which being applied to the number 
above, there refults 5895.726; and this again being di- 
miniihcd by its ~ 5S th part, or '327, there remains 
5895*399 feet, for the correct meafure of the ba ie ocy 
in the vale of Rannoch. 

There is no occafion here to explain the manner of 
meafuring thefe two bafes by the twentv-foot rods, as that 
has been very circumftantially done in vol. LXV. of the 
Phil. Tranf. for the year 1775, by the rev. Dr. m as Ke¬ 
lt ne, the learned and accurate conductor of this very 
important experiment. 

The following fhortcr lines were alfo meafured as they 
happened to be wanted in different parts of the furvey. 


SI 

11 

Feet, 

269 

Inch 

4 

N« = 

93 

6 

Ke = 

94 

10 

KE = 

240 

10 

ac = 

9 

9 

an = 

7 

10 

cn '= 

1 

IX 

ma = 

70 

II 

mt = 

68 

3 

mp — 

63 

4 

pt = 

27 

2 


nearly horizontal. 


not horizontal. 


The 
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The other meafures that were taken for determining 

O 

the fedlions will be delivered afterwards, when the re- 
fults or computed altitudes have been obtained, in order 
to be placed oppollte to their corrcfpondent angles. 

Having now obtained, to a great degree of accuracy, 
the meal tired lengths of two lines which were to ferve 
as bales for all the future calculations, the next conlide- 
ration was how to make the propereft ufe of them. 
Every other line or diftance, drawn or conceived to be 
drawn, muft be calculated from them by the help of the 
angles obferved either at their extremities, or at all the 
other points and fkitions in the furvey and plan. As thele 
two bales are fituated in the low parts of the country, 
from whence but a very few of the other principal na¬ 
tions are vifible, one method evidently is to compute im¬ 
mediately from thefe bafes fuch of the great lines in the 
furvey whofe extremities are vifible from them; and 
then from thefe calculated lines to compute others next 
to them, and fo on quite around and within the whole 
figure. In this manner fevcral values of each line will 
ariie, both from the double computations by the two 
meafured bafes, and from the various lets of triangles 
which can be formed from the very numerous ho¬ 
rizontal angles which were obferved at the feveral 
ftations. But in this mode of computation,; after 
6 great 
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great labour and pains, I had frequently the mortifica¬ 
tion to find that the feveral values of the fame lines 
would differ fo greatly one from another, that I was 
often very doubtful whether I could rely on any of them, 
or even on the mean among them all. Thcfc differences 
arofe from the fmall errors in the obferved angles, which 
•in fome degree are unavoidable; and indeed they were 
I'o fmall, that the fum of the angles of the feveral tri- 
amdos which were ufed in the calculation feldom dif- 
fered by more than a minute or two from i Boh But in 
a long connected chain of triangles, dependant on one 
another, the effects of inch fmall errors at length be¬ 
come too great to be tolerated in a computation requiring 
.ranch accuracy. Another method is, firft to compute 
from both bales the length of the line km extended along 
the ridge of the hill from Eaft to Weft, and from it, as a 
leeondary bale, compute all the other lines in the plan. 
This method admits of much more accuracy than the 
former, fuppoling this leeondary bale to ho truly af- 
iigned; becaufe that, from the elevated and central fit na¬ 
tion of this line, all or moil of the other points in the 
purvey ar g v iiible from one or both of its extremities, by 
which it happens that the other lines are moftly deter¬ 
minable from it alone, without fo dole a connection with 
one another as in the other method of computation. By 

both 
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both of thefc methods then, and hv all the triangles 
furnilhed by each of them, I computed all the princi¬ 
pal lines in the plan, and either took a mean among the 
feveral values of each, or clfe leleded out of them fad.' 
one as from various dreumitanees I judged it fa felt to rely 
upon, as neareft the truth. The trigonometrical compu¬ 
tations were always accurately made, and generally re¬ 
peated by logarithms, and the refult of every proportion 
determined to two or three places of decimals. I (hall 
here abftrad the mean or corroded values of feme of 
the principal lines or horizontal diltances fo computed, as 
well as the fecondarv bafo kn from the Eaftcrn to the 
Weltern cairn. 

The mean among a great number of ways of compu¬ 
tation from the South bafe gives the horizontal diitan.ee 
from k to n = 4052*2, and the mean of all the refults 
from the North bafe afS-y gives kn = 4058*9, and the 
mean between thefe two gives 4055*5 for the mean 
diltance of k and n. And this value of kn was ufed in 
computing molt of the other lines, whole mean refults 
are as here follows. 


Vol. LXVIII. 4T 
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ay = 5895*4 the Northern bafe in Rannoch. 
rb" = 3011*4 the Southern bafe in Glen more. 
Nk = 405 5'5 the tliftance of the two cairns. 


Kit 


595 2 


OR 


:358a 


RA =5670 

ab =1489 
BC =4506 
CD = 775 
DF =7388 
FG =Il66 
GH =4068 
HW = 2 ,Il 8 
WL =l8l6 

LY =7085 
YV =$636 
VT =2645 

tz =4393 
zu =4132 
ux =1984 
xs =2378 

SR =1410 


NR : 

= 5545 

nb" 

=■ 6053 

NA 

= 5941 

NB 

= <>57 3 

NC 

= 7797 

ND 

= 7657 

NF 

= 5980 

NG 

= 6370 

NH 

= 8195 

NW 

= ' 9 ° 5 9 

NL 

=10405 

NY 

=13752 

NS 

= 5795 

NO 

ir> 

!> 

OD 

CH 

H 

NP 

= 3271 

N« 

=11876 

na 

= 5899 

N h 

= 7 6 1 4 

N h 

= 338 t 

NcS 7 

= 1585 


KF = 8227 

KG = 8036 
KH = 7748 
KW = 7603 
KL = 8335 
KY =10008 
KV = 102,15 
KO = 2615 
KP = 3221 

Kflt =13710 
K/S = L 5404 
km'= 1817 

It = 2528 

k a ~ 3326 
k b = 4409 


l’G = 481 5 
PH = 5196 


ovJ ! =5466 
OA =6769 
os =3271 
ox =4079 
ou =6061 
oz =9073 

OM =3317 


MS = 381 

=1335 
x* =3719 
f'd =6430 
f'f =3934 
F 'l' =4098 
t’k =2327 

M f b =1172 
ah =1843 
cd =1750 


From the three firft lines, or bafes, and the horizontal 
angles obfervcd at the fcveral Rations, a very large and 
accurate plan of the whole lurvey was conftru6ted, form¬ 
ing a map of four feet long by four feet broad, which 
was verified in every part by the meafures of the com- 

, ■ puted 
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puted lines, both thofe above-written and others, and 
they were generally found to agree very exactly, accord¬ 
ing to the feale by which the plan was conftradted. The 
ufe of this large map was to receive and admit of the 
diftinft and accurate exhibition of the figures in their 
true places, expreffing the number of feetin elevation or 
depreflion with refpect to each obfervatory of every 
point and ledlion of the ground whole elevation or 
depreflion might be obferved. But before I proceed to 
the computation and conftrudlion of the points in the 
fedtions, I fliall here abftract the numbers which exprefs 
the relative elevation of the principal original points in 
the furvey,being the extremes of the lines whole lengths 
are above abdrafted. Thefe few numbers are the refults 
of the calculation of feveral hundreds of triangles con¬ 
ceived in a vertical pofition, their bales being either the 
horizontal lines above-written, or other lines drawn as 
diagonals between many diftant points in the furvey, ac¬ 
cording to the number of vertical angles which had been 
obferved; and of thefe bales, whether real or imaginary, 
each generally, afforded two vertical triangles, as the 
-angles of elevation and depreflioii were taken alternately 
at both ends of the lines* It is fcarcely neceflary to re¬ 
mark, that all thefe triangles are right-angled, the com¬ 
mon bafe being one of the 'Hides about-the fight'a^gle,, 
and the other the difference in altitude'between the two 

4T2 given. 
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given, points or extremes of the bafe; and this difference 
in altitude is found from the application of this propor¬ 
tion, as radius is to the tangent of the angle of elevation 
or depreflion, fo is the given bafe to the altitudinal dif¬ 
ference'between the two given points, exclufivc of the 
height of the theodolite or other inftrument, which was 
afterwards allowed for. From the refolution of all thefe 
triangles, and taking the means of the many correfpond- 
ing. rcfults, were obtained the following numbers, which 
(hew how many feet the' points denoted by the letters 
handing again ft them are below the level of the point n 
or the Weftern cairn. They are all referred to this point 
K at the Weftern extremity of the ridge of the hill, be- 
cdufe it is the moft elevated point in the whole iurvey. 
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Thefe deprefllons, and thofe of feveral other principal 
points, were firft carefully computed by means of vari¬ 
ous different bafes, as fo many places from whence the 
fedions were to commence. 

5 Thefe 
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Thefe feet ions are very numerous, made in all direc¬ 
tions from the primitive points before mentioned, and 
many of them extended to great diitances far beyond the 
bounds of the plan hereunto annexed, fo as to include 
the neareft hills and valleys of the furrounding country. 
They are moftly made in vertical planes in the manner 
deferibed in the article of the Phil. Tranf. before refer- 
red to, excepting ionic few of them which are level fac¬ 
tions in planes parallel to the horizon,, and fame indeed 
irregular as being neither vertical nor horizontal. To 
compute the relative altitude of each point in thefe fee- 
tions, it is evident, requires the refol'ution of two different 
triangles, viz. a horizontal triangle by which its place in 
the plan is afeertained, and a vertical triangle of which 
one fide is the elevation or deprefllon of the point. Of 
thefe factions there are above 70, containing near 100.0 
points, wliofe places in the -plan and relative, altitudes 
have been computed: fo that the number of triangles, 
whole numerical refutations have been performed in the 
courfe of this bufinefs, amounts to feveral thoulands. 

Before the ahftraif of the computation of the fedions, 

I fhall here put down at large the calculation of one of 
them, to fliew the manner in which they have been com¬ 
puted in the readied: and eafieft way that occurred to mej 
• preserving at the fame time the proper degree of accu- 
• ' ■ ' . f ' : ' racy*. 
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racy. I fhall for this purpofe felecft the third feftion as 
not containing fo many poles as fome of the others. This 
ibftion commences at s, and is car¬ 
ried up the hill in a vertical plane, 
making an angle of 105° with the 
line its. The direction of this 
plane is here reprefented by the 

x k ' lake isr re5 

line s/)/>p making with rs the an- „ - 

111 * : LeavesZ.R+ £.p~ 7.s" 

.gleitsp-1 0 5°. The points ppp See. 

mark the places of the poles, whole angles of elevation 
or depreflion were taken at s with a proper mftrument, 
and they are written in the fecund column of the table in 
this example. At r were obferved the leveral horizontal 
angles, which lines fuppofed to be drawn from thence 
made with rs, and thefe are placed in the third column. 
And fmee in every triangle rs p 9 the angle s is conftant, 
and the fum of it and p is equal to the conftant quantity 
75 0 : therefore each of the angles r, or the numbers in 
the third column, being fubtradted from 75°, there re¬ 
mains the correfponding angle p : and thefe remainders 

are placed in the fourth column. Then, fmee the me- 

1 1 r Bt 

thod of folution is this, as £.p : f.R ;: rs : s/>= j~ x rs ; and 
again, as radius (1) : tang. elev. ::$/>: alt. of p above s = 
Bpx tang. elev. = ^xrsx tong. elev. Or in .logarithms 

f.R 



A 
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f.R-f./>+RS+tang. elev.=log. of the altitude of the point. 
Wherefore having taken, from a table, the lines of r and 
p, and placed them in the fifth and fixth columns, fob—• 
tra£t the latter from the former, and write the remain-, 
ders in the next or feventli column; to thefc add the con- 
ftant logarithm of rs, and write the fums in the eighth 
column; take out then the tangents of the angles in the 
lecond column, and having placed them in the ninth co¬ 
lumn, add together the adjacent numbers of the eighth 
and ninth columns, placing the fums in the tenth'co¬ 
lumn, which being the logarithms of the altbudes or 
depreHions of the points p, take the correfponding num¬ 
bers from a table of logarithms, and write them in the 
eleventh or laft column, for thofe altitudes or deprefhons 
with refpecSt to the point s, with the height of the theo¬ 
dolite included, and which is afterwards allowed for, its 
height being generally about 4’ or 4| feet. In the lecond 
column d denotes deprefiion and e elevation; in the.kill;, 
column n denotes dcprcllion and a altitude. 
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Thus then every line in the table contains the {elutions' 
of the two triangles, the one horizontal and the other 
vertical, ufed in finding the altitude of each point or pole 
in the lection. The addition of the conftant logarithm of 
the bafe rs to the logarithms in the feventh column, is 
mold eafxly performed by writing it on the bottom of a 
little flip of paper, and fo Hiding it down fucceftlvely 
over each of thole numbers, and in that polition adding 
them together, and placing the funis immediately oppo- 
fite in the next column. 

And in this manner were computed the relative alti¬ 
tudes of the points in the other vertical fedtions; except¬ 
ing two or three cafes, in which the conftant angle formed 
by the fedtion and the bafe was a right angle; and one 
cafe in which the vertical angles were not taken at the 
beginning of the fedtion line, but at the other end of the 
bafe line where the horizontal angles were alfo obferved. 
It may be neceflary, therefore, to infert and explain an 
example of each of thefe cafes, and the more fo as they 
point out the propereft means of meafuring thefe fee- 
tions fo as to fave mold part of the labour in the compu¬ 
tation, inwhich the trouble chiefly confifts. 

Of the cafe of the right angle, the 
firft fedbion is an inftance, where alfo rs 
is the bafe as before, and the angle rs p 
being = 9 o°. 

Vo L.l XVIII. 4 U 
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In this form there are three columns lefs than in the 
former, by which it happens, that about one-third of the 
labour is laved. The method of folution is thus; as 
i (radius) : tang, r ; : rs : s/> = its x t. r ; and again, as 
i: tang, s (vertical angle):; sp: s p x t. s= rs x t, r. x t. s. Or, 
in logarithms, log. Rs+t.R+t.s=log. of the vertical per¬ 
pendicular : and by this theorem, it is evident, the co¬ 
lumns of this table are conftru&ed. 

But 
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But nearly the fame faving in the great labour of 
computation would be made if the vertical and horizon¬ 
tal angles had both been taken at the end of the bale 
farlheft from the beginning of the ieftion. Anti this 
method would alfo be much the cafieft in making the 
furvey on the ground, as there would then need only one 
obferver with an inftrument to meafure both horizontal 


and vertical angles; and any perfon, without an inftru¬ 
ment, could direft in a line the perfon who moves and 
places the poles, or he may even direft liimfelf after his 
fir ft pole has been placed, by means of a back objed, as 


is commonly done in land furveying. 

Of this kind there happens to have g- 
been one fe&ion taken, proceeding 
from g, and making with gp an angle 
of 85°, p being the Northern obfer- 
vatory, and where both the hearings 
ancl depreffions of the points p in the 
feftion line were obferved. 





£g 9-99834 


po ^ a f which is a conftant number from which 


the lines of p in the fifth column are 


Sum 3*68096 1 to be deducted. 


Poles, 


4 ^ a*. 
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Here it is evident is a faving of two of the moffc labo¬ 
rious columns in the table. This happens becaule that 
in every triangle BGp there are now conftant thofe two 
parts which are ufed in the proportion made ufe of in 
the calculation, viz. pg and the angle o. I r or then it is, 
as f.p : f.G :: pg : Bp, or log. pp=log. pg+£ G-f.p; fo that 
the fum of the logarithms of pg and fine of l g is a con- 
jftant number, from which the numbers in the fifth co¬ 
lumn are to be fubtraded, to find thofe in the fixth co¬ 
lumn. The reft of the work is the fame as in the firft 
example. 

As to the irregular fedions,. the computation of them 
differs fo little in manner from that of the ufual vertical 

fedions. 
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fedions, that an example of it is unneceffary: and the 
, few horizontal fedions need no computation, but only an 
allowance for the height of the theodolite. 

In the following abftrad of the refults of the compu¬ 
tation of the fed ions, the firlf column contains the num¬ 
ber of the pole, the l'ccond and third the vertical and 
horizontal angles, and the lalf the difference of altitude in 
feet, between the foot of each pole and the point from 
whence the vertical angles were obferved, after making 
the allowance for the height of the theodolite above the 
ground. At the end of this abftrad is a plate of the 
figures referring* to the number of the fedion, (hewing 
the direction in which it was carried, with the degrees 
and minutes in the angle formed by it and the bafe 
line. 
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54 24 

163 

1 

5 43 

63 55 

2 5 8 

2 

7 2 

7 * 3 ° 

361 

3 

9 3 

76 30 

513 

4 


81 18 

720 

,5 

** ss 

84 ,16 , 

874 

6 

■*3 54 .. 

87 22 

1017 

7 

14 51 

9O 30 

1182 

8 

15 9 

93. 0 

1295 

9 


SECTION 1 

6. 

Vert. z.’s 

Bearings 

Diff. of 

at x. 

at s. 

Alt. 

0 / 

9 l6 D 

0 / 

11 43 

80 u 

4 46 D 

16 51 

60 u 

I IO E 

23 5 ° 

28 A 

4 5 1 

30 a 

137 

6 6 

33 i 4 

I96 

7 3 2 

37 25 

287 

9 3 ° 

40 24 

4O9 

11 15 

43 12 

546 

12 22 

45 18 

656 

*3 35 

47 9 

782 

1 5 19 

48 54 

955 

16 29 

5 ° 12 

i° 93 

17 8 

51 1 

1171 

17 27 

5 i 48 

1248 

SECT 

ION 

7 * 

Vert. Z.’s 

Bearings 

Diff. of 

at x. 

Sit s* 

Alt. 

0 / 

0 t 


7 30 0 

9 3 ° 

60 D 

I 49 

1 5 52 

! 

24 

2 5 I 

20 49 

5 2 A, 

4 3 ° 

24 48 

1 35 j 

5 4 * 

28 23 

ao8 , 

• 7 *3 

3 ° 2 7 

297 1 

8 14 

:$V 9 ■, 

3 8o. 

9 24 

433 ' 4 * ‘ 

. 465 j 

10 26 ... 







7 28 Mr. k - utton’s Calculations to ajcertain 


ID 

6 / 

X 1 41 

36 21 

CO 

'O 

1 l 

12 36 

37 *5 

773 

l 2 

13 3 x 

38 17 

885 

13 

13 46 

39 3 ° 

973 

14 

«3 56 

40 17 

1036 


SECT 

I O N 

8. 

Pole. 

Vert, /.’a 
at a. 

Bearings 
at b. 

Diff. of 
Alt. 

t 

A f)|n 

0 / 

3713 

516 D 

n 

XO t2| 

4 1 50 

359 

3 

S 41 

44 48 

22.9 

4 

2 2 5 

47 2 

107 

s 

O 29 

49 S 

20 

6 

I 12 E 

51 0 

74 A 

7 

3 ;° 

52 35i 

198 

8 

. 5 0 

54 44l 

37 s 

9 

6 18 

55 S6i 

520 

10 

7 .* 

56 471 

620 

11 

8 52 

57 2 4 

821 

12 

ID XO' 

57 551 

986 


1 x 24 

58 28 

1160 

*4 : 

X2 20| 

58 58 

1316 

N.B. The place of this laft pole 
would feem to be the fame as n the 
Wcftern cairn, as.the feffion wasfclh 


reSted through it* But then the hft 
number 13 x 6 is too great; as, from 
all the otlier meafurcs, the cliff, in alt. 


between a and n is only 1303 leer,, 
1 his cliff, of 13 feet f cents to he can fed 
by the lafl: bearing being about 7' too' 
great, for in other places thb angle is 
only 58° 51/, And indeed many other i ! 
angles taken at: the fame time with the ;| 
above, feem to be much wrong, as they j, 
greatly differ from corrdpondmg ones j 
taken at other times, [ 

Such differences among corrcfpnm!- \ 
ing angles I often met with in tire i 
mcafures contained in the hooks of the j 
furvey, and it required much care to j 
detc6t tlicnij and trouble to reconcile 
them. 



S E C T 

ION | 

9 * 

Pole, 

Bearings ' 

Bearings 

1 /*"X 

u 


at a. 

at b. 

O izi 


0 / 

0 . ■/ 

0 

x> 0 

X 

132 2I| 

3 6 45l 

«*3' 

2 

X30 27 

37 34i 

JP 

< 43 

3 

127 26 

39 8 

43 ^ 
ftflVw 

S3 O 

4 

124 as| 

40 18 

£ w 

a ‘S 

0 

5 

119 6} 

43 19 

6 

hi 37 

48 7 

« a 
■» 

7 

103 45§ 

52 58 

' 7 t> 

8 

95 25 

58 5° 

ju 

bf}ril ■ 1 

9 ! 

8 5 55 

6 7 54 

£ 2 

10 

78 aj 

73 14 

75 s 8 i 

1 5 ? G C 

! MIX 

XI 

82 30 

; 

' 2 « ; 

12 

71 411 

86 21 

i ** e« **G 

wi i 

' « 1 

13 

70 38I 

89 33 

1 0 St ’ 

i 22 i <3 43 ^ 

14 

69 39 

92 23 

; ^ , 


SEC- 




le pol 
lio rm 








730 Mr. hutton’s Calculations to afcertain 


s 

O / 

II 52 

O / 

IOO 44 

3040 

9 

12 52 

IOI 15 

3172 

10 

»3 5 6 

iox 49 

1327 

11 

14 49 

102 20 

1472 

12 

16 10 

*03 3 

1710 

*?> 

i& 45 

io 3 27 

■1837 

14 . 

*6 ss 1 

i®4 20 

2013 


SECTION X4. 

Pole* 

! Vert. z.*s 
at G, 

: Bearings 
at f. 

Diff. of 
Alt. 

1 

O t 

a a * 

97 5 

73 A 

! 2 

2 3 S 

99 14 

95 

3 

3 52 

l0 9 39 

182 

4 

5 S8 

117 S3 

384 

5 

6 25 

119 8 

440 

6 

8 31 

120 34 

633 

7 

10 14 

»» 5 * 

827 

8 

11 29 

122 41 

985 

9 

12 30 

123 34 

I I49 

10 

13 4 

424, 15 ! 

1272 

XI 

13 14 

124 41 

T 339 


SECTION 15. 

Pole, 

Vert, jl\ 

«lt 0# 

Bearings 
at Hp ■ 

Diff. of 
Alt. 

X 

0 / 

9 46 D 

■. 0 ■ * 

1414 

172 D 

2 

3 3 ® 

23 9 

102 

3 

0 45 

31 7 

27 

4 

1 43 V. 

36 IS 

94 1 ^ 



0 j 

O / 


5 

6 27 

45 0 

465 

6 

8 xo 

47 S 2 

642 

7 

9 10 

49 47 

7S1 

8 

10 39 

Si 37 

970 

9 

12 0 

53 3 6 

1177 

30 

13 2 4 

ss 38 

1422 

n 

14 O 

CO 

HH 

\ T ) 

1584 

12 

14 18 

58 37 

1704 

13 

14, 21 

58 58 

1734 


SECTION l6. 

Pole, 

Vert. L ’ s , 

Bearings 

Diff. of 


at n. 

at g* 

Alt. 

1 

0 / 

7 22 D 

0 / 

2137 

189 D 

2 

6 11 

34 3 2 

248 

3 

4 1 

43 2 3 

201 

4 

0 9 

48 20 

4 

5 1 

143 e 

54 38 

119 A 

6 

3 35 

60 8 

275 

7 

5 *4 

65 8 

446 

8 

6 49 

70 13 

( >$3 

9 

8 1 

73 *9 

828 

10 

8 41 

76 39 

9 77 

11 

9 is 

78 38 

1104 

1 a 

10 0 

80 22 

1246 

13 

10 44 

82 0 

1403 

14 

n 31 

83 24 

■ 1572 

15 

13 8 1 

84 43 

1874 

There fern# to be tome general error l « this fee* 
tm% as the 4«prefifcns tnul Aklnules are utterly 


compatible with thofc of all’ th« other nwghib0br« 
ing points in the plan. ' , 1 






the mean Denfity of the Earth, 


7 it 


,— 

SECTION 17 . 1 

8 

0 V 

0 / 






6 55 

78 7 

53 1 

Pole. 

Vert. z.’s 
at ii. 

Bearings 
at G. 

Diff. of 
Alt. 

9 

8 33 

81 13 

737 


0 / 

0 / 


10 

9 28 

88 4 

1108 

1 

12 15 O 

1613 

242 D 

I I 

9 3 8 

89 IO 

1201 

2 

7 11 

25 6 

2l6 

12 

9 53 

89 58 

I29O 

3 

4 19 

33 3 

*71 

*3 

10 24 

90 33 

1407 

4 

1 49 

1 59 E 

3S 20 

45 2 4 

82 

I 19 A. 

14 

I I 2 

91 IO 

1552 

5 





6 

3 3 s 

5 ° 3 

243 


SECTION 19. 

7 

8 

O O 

IN 

53 33 

57 3 

377 

572 

Pole 

Vert. zFs 
at w. 

Bearings 
at 1. 

Diff. of 
Alt. 

9 

8 17 

()0 46 

73 * 

I 

18 8 r> 

14 si 

l68 D 

, ID 

8 45 

()2 58 

8*20 

2 

16 28 

3 1 3 8 

388 

1 I 

9 53 

66 56 

1038 

3 

n 53 

39 43 

394 

12 

ro 24 

69 0 

i i6i* 

4 

7 47 

42 48 

292 

13 

10 45. 

70 35 

1260 

5 

411 

46 12 

18a 

14 

n S t 

72 15 

1424 

6 

210 

48 6 

ICO 

15 

tz 10 

73 55 

1590 

7 

° 3 1 

50 16 

23 

16 j 

12 31 

75 7 

1703 

8 

2 24 E 

52 45 

148 A 


SECT 

[on ; 

t8. 

9 

5 55 

54 4 8 

402 


Vert, .4’$ 

10 

8 4^ 

5 6 30 

657 

Bearings 

Diff. of 

Foie; 





' 

at h* 

at w. 

Alt. 


SECT 

ON 2 . 0 . 

1 

13 35 0 

0 1 , / 

21 4Q 

186 a 

Pole, 

Vert. 4’s 

Bearings 

Diff. of 

■a 

9 * 7 i 

, 43 28 

263 

at w, 

at !#* 

Alt, 

3 

. ,v 5 ■;** 

55 3 

203 

1' 

22 45'x> 

7 37 

9 , 8 ' j> 

; 4 ' 

2, • 4 ■ , 

63 8 

95 

2 

19 0 . 

,i (5 20 

179 

• '$ 

'.123®': 

69 50 

84 A 

3 

18 4 i 

8;, 

367 

6 

3 37 

73 24 

238 

4 

■ 14 20 

■ 54 

. .41$.;^ 

' ^ 7 

_L.25_ 

76 0 

386 : 




. Witfj ... 


4X2 







732^ Mr. button’s Calculations to afcertain 


6 

0 / 

3 3 8 

0 i 

54 6 

155 

7 

; i' 15- 

• 56 50 

' 57 

8 

0 5 5 < 

60 7 

• 55 a 

9 

4 4 

62 58 

257 

lO 

6 45 

66 a 

487 


S EX T I 

on a i. 

Pole. 

Vert, /.’s 
. at l. 

Bearings 
at w. 

Diff of 
Alt, 

i 

23 59 D 

a 1 18 

a 95 33 

2 

19 25 

33 « 

377 

3 

H 37 

48 26 

4.; 8 

4 

10 5 

56 7 

3 8 3 

5 . 

5 9 

6a 51 

■237 

6 

1 2 

69 24 

56 

7 

2 2 E 

71 36 

1 33 a 

8 

4 22 

73 2 

297 

9 

6 6 

75 22 

455 


S E C T I 

0 N £ 

2. 

Pole. 

Vert. £j s 
at 4, 

Bearings 
at k 

Diff. of 
Alt. 

i 

i 

' * . 4. 

7 16 » 

■ 0, / 

5 2 

20 O 

2 

2 49 E 

IO 20 

23 A 

3 

3 33 

15 13 

44 


j. 418 

29 34 

120 

5 

. 7 0 

3 * t S 

222 

6 

9 1 

35 3 

33 J 

7 

to 26 

3 s 52 

472 

8 

12 19 

4 x 46 

657 


9 

0 $ 

14 40 

43 34 

874 

10 

24 45 top 
of 1C, cairn. 

,43 35 

874 

1 


S ft C T I 

0 N 23* 

Pole. 

Vert, z/s 
at a. 

Bearings 
at k 

Diff of 
Alt. 

2 

0 t 

15 2D 

0 / 

4 33 

i 34 D 

2 

0 51 

3 5 3 S 

4 

3 

O 10 

35 37 

0 

4 

3 7 2 

4 1 53 

97 a 

5 

6 43 

42 34 

209 

'6 

7 36 

43 3 ° 

244 

7 

9 So 

45 43 

342 

8 , 

31 35 

59 5 

664 


SECTION 24. 

Pole. 

1 

Vert. zX 
at b. 

Bearings 

at 

Diff of 
Alt. 

I 

ft t 1 

3 27 » 

ro 29' 

29 » 

2 

'0 32 E 

21 9 

12 A 

3 

2 58 

32 57 

64 

4 

4 40 

58 53 

*33 

5 

514 

76 22 

*73 

6 

6 24 

tax 5 

340 

7 

7 50 

3 25 I* 

; 448 

8 

8 27 

J 3 ° 23 

S 4 & 

9 

S 55 

3 34 57 

664 

to 

9 6 i 

3 36 15 

71a 


SEC- 






the mean Denjiiy of the 'Earth 


733 


SECTION 25. 


Pole. 

i Vert. zP$ 

' Bearings 
at 

Diff. of 
Alt. 

( I 

J 5 39 h> 

0 / 

8 14 

74 0 

2 

x 47 £ 

52 24 

54 a 

3 

3 9 

63 13 

”5 

4 

5 S 1 

7 ° 3.7 

248 

5 

9 11 

81 35 

505 

6 

11 21 

85 10 

69.I 

7 

12 44 

87 45 

802 


S E C T 1 

0 N 2,6. 

Pole. 

' Vert. 
at b. 

Bearings 
at a. 

Diff.. of 
Alt. 

1 

0 / 

17 53 D 

0 / 

& 35 

64 D 

2 

O 26 

, 48 5 

9 

3 

2 X A 

60 8 

93 A 

4 

3 4 

62 45 

151 

5 

4 40 

66 15 

256 

6 

620 

68 29 

374 

7 

8 10 , 

?i 57 

55° 


SECTION 2 

7 - 

Pole. 

Vert. z.’s 
at b. 

Bearings 
at a. 

Diff. of 
Alt, 

I 

0 / 

4 30 B 

0 1 / 

59 a 5 

a8o a 

• 2 

. 3 33 

, 57 12 

204 

3 ; 

. ,*■ 47 ;, 

54 n 

9a 

i ' ' 1 

4 


f #>■ 15 ' : 

. 3 0 

, Ah 

I 22 

46 54 

L; 47 


6 

O / 

2 20 

O 

42 

15 

69 

7 

4 50 

37 

3 ° 

122 

8 

l 18 52 ! 

6 

12 

65 


SECTION 2 8. 


Pole. 

Vqrt. /.’s : 
at t. 

Bearings 
at v. 

Diff. of 
Alt. 

I 

0 l 

IO 23 D 

16 36 

142 d 

2 

9 26 

23 56 

^95 

3 

5 23 j 

28 45 

136 

4 ] 

4 H 

32 24 

120 

5 

2 42 

37 46 

96 

6 

1 34 

41 20 

62 

7 

0 355 

45 24 

24. 

8 

1 30 X 5 

48 52 

89 A 

9 

3 3 ° 

5 i 4 

220 " 

XO 

4 20 

54 22 

307 

11 

4 49 

56 n 

367 

12 

5 *5 

58 4 i 

443 

*3 

6 0 

60 4 

537 

14 

6 47 

62 4 

664 

15 

7 24 

6 3 33 

778 

x6 

8 16 

64 46 

924 

17 

[ 8 46 

! 65 44 1 

.1030 , 


section ag . 


Pole. 

Vert, 2 ,’s 

, Bearings 

Diff. of 

' at t. 

at y,: 

Alt. 


8 49 d 

a°6 9. 

? 'i.San- lj 


As#:,..-.,. 




Mr. hutton’s Calculations to afcertain 








the mean Denftty of the Earth, 


735' 



S E C T I 

0 N %%. 


° O 

0 t 

38 A 



DifF of 
Alt. 

9 

O 28 £ ■ 

f >5 38 

Pole* 

Vert. a’s 
at Y. 

Bearings 
at v* 

10 

2 4O 

7 i 15 

132 


0 / 

0 / 

8 l 2 A 

12 

2 22 

77 3 

197 

i 

7 9 E 

5146 

is 

2 25 

87 12 

226 

2 

6 55 

6 7 

5 ° 5 ° 

49 45 

751 

*3 

2 32 

93 33 

257 

3 , 

63I 





4 

5 0 

46 51 

452 


SEC T : 

I O N 34. 

S 

4 2 5 

45 3 ° 

377 

Pole. 

Vert, z.’s 

Bearings 

DifF of 



43 37 

27 5 

at t. 

at z. 

Alt. 

6 

3 29 


Oil A 

O ’ M 

7 

3 5 

40 32 

214 

1 

4 43 E 

84 3 

471 A 

8 

2 17 

38 26 

146 

2 

4 8 

79 45 

386 

9 

1 21 

35 57 

80 

3 

3 3 1 

76 0 

311 

20 

0 52 

33 0 

47 

4 

2 45 

7 i 30 

229 

21 

0 3 

29 47 

7 

5 

2 0 

66 22 

156 

12 

I 3 D 

26 24 

33 0 

6 

1 8 

60 49 

84 

*3 

2 3 

23 40 

60 

7 

0 19 

53 20 

25 

14 

3 al 

18 30 

73 

8 

0 55 D 

46 47 

46 I> 

IS 

7 54 

J 3 4 

I 2 X 

9 

10 

1 29 

J 59 

4 ° is 

34 52 

69 

83. 






SECTION 33. 

ti 

3 4 1 

26 r5 

127 


Vert. z,’s 

Bearings 

DifF. of 

12 

5 27 

2J 55 

165 

X» w£V# 

at t. 

at it. 

Alt. 

J 3 

6 0 

17 16 

150 

1 

i°3 6 d 

0 > 

4 0 

108 r> 

14 

9 5 

9 

143 

2 

9 *5 

8 4 

1 39 

J 5 

14 6 

4 32 

109 

3 

-■'7 

: H 53 

187 


S E C T I 0 N 

35 - • 

4 

5 : ' jo v: 

21 28 

167 




s ' 

3 55 . 

26 54 

148 

Pole. 

Vert, a’s 
at t, - 

Bearings; 

’ at z * 

DifF. of 
Alt* 

6 

2 36 

36 19 

“9 


0 i'". 

* ; © "'■. 

86 

■ *' L, n ' 

7 

'1 30 

45 3 2 

7 P 

.. '■* : 

15 10 D 

■ 158 ■; 1 

8 

0 40 

56 ’ 5 

37 

,*. .a.'i 

; 9 36 s| 











the Mean T)enjtty of the Barth 


% 2> 7 


SECTION 39. 


Pole. 

Vert* zPs 
at 0* 

Bearings 
at z. 

Diff. of 
Alt. 

1 

0 U 

4 l) i 

0 / 

69 7 

312 0 

2 

5 35 

59 8 

345 

3 

6 30 

52 3 

366 

4 

8 9 

45 25 

418 

5 

10 32 

S 8 30 

485 

6 

iz 47 

34 3 

544 

7 

13 47 i 

29 27 i 

531 


SECTION 40. 

Pole, 

Vert. s 

at p. 

Bearings | 
at p. j 

Diff. of 
Alt. 

1 

O / 

8 45 0 

0 / 

9 *5 

735 » 

2 

8 46 

16 25 

75 ° 

3 

9 38 

27 16 

906 

4 

8 38 

3° 52 

804 

5 

7 6 

34 3° 

68r 

6 

5 23 

37 55 i 

533 


SECTION 41. 

Pole, 

Vert* 4’s 
at 0, 

Bearings 
at a . 

Diff. of 

jUb t* m 

1 1 

0 / 

; 10 41 © 

23 33 

510 p 

, , » = ■■! 

^ **;#* i v: 

32 3 6 

769 

t ^ ■' 

3 

8 52 

37 *3 

682 

i 4 

s 38 

44 24 

524 

s 

4 5* 

46 39 

480 

6 

46 ! 

S t 8 

455 



O V 

O / 


7 

2 8 

50 2 D 

269 

8 

I 21 

5 s 3 ° 

I 78 

9 

0 57 

59 53 

129 

10 

0 43 

62 21 

103 

11 

O 40 

6 4 35 

102 

12 

O s 

68 41 

10 

13 

0 10 B 

69 43 

36 A 

14 

° 32 i 

71 20 | 

IO 9 


SECT! 

ON 4 

. 2 . 

Pole* 

Vcrf. z.’s 

Bearings 

Diff. of 


at m. 

at s* 

Alt. 


0 / 

0 / 


i 

0 17 i) 

73 48 

0 

2 

3 2 5 F- 

so 57 

72 A 

3 

4 52 

85 4 

126 

4 

6 52 

88 S 3 

232 

5 

8 33 

90 25 

332 

6 

to 2 

9* 34 

439 

7 ‘ 

11 44 

,93 0 

610 

8 

13 7 

94 0 

787 

9 

15 JO 

’ 94 34 

1002 

10 

17 21 

95 13 

1292 

it 

18 38 

95 37 

1506 

12 

19 3 6 

96 2 

,1736 

*3 

19 38 

96 0 

1 1727 


SECTION 4 

*3* 

Pole. 

1 Vert. A’s 

Bearings 

Diff. of 


at 0 . 

, at A. 

Alt. 


0 

1 % 


3 *> 


•SO 


'■ Q i 

3 1 52 
36 4 «- 


tSf ,» 

M 


Vol. LXVIII. 


4 Y 




738 Mr. hotton's Calculations to afcertain 



S 







.o Mr. iiutton’s Calculations to a/certain 



section 51. 

Vert, /.’s Bearings j DifF, of 
at F. at f'. 1 Alt, 


14 37 D 

a S 6 

* 43 
x 3 

10 
o 41 
o 23 

O 2 S E 

1 S3 
3 17 
3 3 * 


44 B 

48 47 

ss s 

60 58 
67 26 
74 28 

82 o 

83 46 
87 o 
87 *8 


73 » 

140 

,90 

61 

6 S 

5 ° 

3 1 

52 A 
22 $ 
423 
46 J 





ON S 

Vert. z.»s 

Bearings 

at f\ 

at f* 

0 1 

0 / 

3 HE 

64 3 

5 9. 

7124 

5 5 8 

75 SO 

6 14, 

84 12 

' 8 5* 

91 23 

9 0 

97 47 

10 7 

99 40 

11 2 

102 33 

11 45 

104 44 

12 6" 

106 28 

12 43 

108 24 

*2 SS 

109 18 


Diff. of 

Alt. 

208 A 
366 

448 

522 

821 

924 

1074 

X236 

*375 

1469 

1612 

1673 






the mean DenJHy of the Barth 


SECTION 54- 


>le. 

Vert. a’s 
at t'. 

Bearings 
at f'. 

DifF. of 
Alt. 

1 

0 / 

O 22 E 

0 / 

14 7 

12 A 

2 

1 27 

20 5 

44 

3 

5 13 

39 ® 

241 

4 

S 46 

45 18 

299 

5 

6 9 

55 4° 

379 

6 

6 38 

62 0 

I 45 1 

7 ' 

7 11 

70 8 

553 

8 

7 3° 

78 56 

662 

9 

7 48 

84 30 

755 

10 

7 So 

94 8 

908 

U-. 

7 54 
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The' following arc the irregular lccliom, In. the 
iiLit column is the number of poles; in the focoml the 
vertical angles; in the third and fourth the two bearings 
or horizontal angles at each end of the hate; and in the 
fifth the computed refillf, being the difference of alt itude 
between the foot of each, pole and the point mentioned 
in the fecond column where the vertical angles were taken. 
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The three following fe<5tions were taken in a manner 
different from all the reft. They were made by mea¬ 
suring in a (freight Hoping line (or nearly ftreight) from 
certain points towards it and n, and at the beginning of 
the line taking the angle of elevation or depreffion of fe- 
veral places or points in it, whofe diftance from the be¬ 
ginning were meafured. In tliefe cafes each diftance is 
the hypothemrfe of a right-angled triangle, and the 
manner of operation is this, as radius is to the hypothec 
nufe or meafured Hope diftance, fo is the fine of the ele¬ 
vation or depreffion to the difference of altitude, and fo 
is the cofine of the fame vertical angle to the horizontal 
diftance. 
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Betides thcfo fc&ions there were many more tingle 
points, whole places and relative altitudes were obiervod' 
and computed, but it is not neceffary to abltraet them all 
here. 

‘The following plate (Tab. vin.) has 72 figures anfwe'r- 
ing to thefe 72 fedtions, each to each, according to the 
numbers. In thefe figures, the line having the letters p, p, 
p, &c. annexed is the ic&ion line, the letters p,p, Sec, de¬ 
noting the poles; the other line, forming the angle with 
tire feftion, is the bale line; and between them are the 
degrees and minutes contained in the angle formed by 
them; at the angular point was obferved the elevation eft* 
deprellion of eadh‘point"• p, and the hearings or hori¬ 
zontal angles were obferved at the other end of the 
hafe, from whence faint lines are drawn to fume of the 

. , , , , J ’ , : 1 , . \ 

points p forming with the bafe line thole horizontal 
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angles. Tlie bale and ftdtion lines in each figure, arc alio 
drawn nearly in the fame dirc£Uott as they are in the 
plan or on. the ground, fuppofing the top of the paper to 
be the North, towards which a perfon looks when view¬ 
ing* the around from the South. 


Having linillxetl the computation of the relative alti¬ 
tudes of all the points, the next conlideration is how they 
arc. to be applied in determining the attraction of the 
hill. In wh atever manner this laft mentioned operation 
may be performed, it: is evident, that all the points and 
fedions with their altitudes muft-.be entered in the plan. 
Wherefore, having accurately amftrncted a large plan of 
the ground, as before mentioned, containing all the prin¬ 
cipal lines or bales, at the extremities of which cither ver¬ 
tical or horizontal angles were taken, from them 1 then de¬ 
termined in this plan the places of all the other points in 
the feClions, whether vertical, horizontal, or irregular. 
Tilde places or points were determined by drawing lines 
from each extremity of the bafe fo as to form with it 
angles equal to t'hofe which were obferved on the/ground; 
for each cdfrdfpoh the r iiittuiedionst)fthefG lines 

are the places of the pole*V which haying marked with a 
fine dot or point of ink,: and written cloffeftp,'each .point! 
the proper numbef expreffing its relative altitude,: and: 
cleaned the paper by" :fubldng,,Qpat/^^ the. 

. .. . 4 Z 2, ; : '' - : ■ angles; 



74$ Mr, hutton’s Calculations- to afcertain 
angles by which the points were determined, there re¬ 
mained only the points with the figures exprefling their 
altitudes diftinctly exhibited in the plan (fee tab. ix.) 

It remains now to apply all the foregoing calculations 
and conliraCtions to the determination of the effect of 
the attraction in the direction of the meridian. And 
here it foon occurred, that the belt method was to divide 
the plan into a great number of fmall parts, which may 
be confidered as the bafes of as many vertical columns ox- 
pillars of matter into which the hill and the adjacent 
ground may be luppofed to be divided by vertical planes, 
forming an imaginary group of vertical columns, forae- 
thing like a fet of bafaitine pillars, or like the cells in a 
piece of honey-comb; then to compute the attraction of 
each pillar feparately in the direction of the meridian; 
and Ialtly, to take the fum of all thefe computed effects 
for the whole attraction of the matter in the hill, Sec. 
Now the attraction of any one of thefe pillars on a body 
in a given place may be eafily determined, and that in 
any direction, to a fufficient degree of accuracy, becaufe 
of the fmallnefs and given pofition of the bafe; for, on 
account of its fmallnefs, all the matter in the pillar may 
be fuppofed to be collected into its axis or vertical line 
erected on the middle of the bafe, the length of which 
axis, as the mean altitude of the pillar, is to be eilimated 

: from 
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from the altitudes of the points in the plan which fall 
within and near the bafe of the pillar: then, having 
given the altitude of this axis, with the portion of its 
bafe, and the matter fuppofed to be collected into it, a 
theorem can eafily be given by which the effeCt of its, 
attraction may be computed.. But to retain the proper 
degree of accuracy in this computation, it is evident that 
the plan muft be divided into a great number of parts,, 
perhaps not lefs than a thoufand for each obfervatory, 
in order that they may be fuffidently fmall, and by 
this means forming about two thoufand of fuch pillars 
of matter, whofe attractions muft be feparately com¬ 
puted, as mentioned above. The labour and time ne» 
ceflary for fuch computation, it is evident, would be very 
great, perhaps not lefs than thofe employed in all the 
preceding computations of the feCtions, and all the other 
points and lines concerned in this bufinefs. For this rea- 
fon I was delirous of obtaining a theorem or method by 
which the attractions of the fmall and numerous pillars, 
might he computed with the fame degree of accuracy,, 
b'ut: r wiA:;’i^v^pehce of labour and time,than when 
computed feparately as. above mentioned.. And in this, 
inquiry the fuccefs has been equal to my wfthes, having 
at length met with a method by which the bufinels<has> 
been effected in perhaps one-fourth 01; one-fifth of the; 

. .■/ ' , time: 
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lime that would have been required in the other way. 
This method I have imveftigated partly from fbrne hints 
of the honourable henry cavendish, f. r. s. and partly 
from fome of my own, which bad been communicated 
to the Aftronomer Royal in the years 1774 and 1775: 
of which method and its inveftigation I fhall now give 
fome account. 

Of all the methods of dividing the plan into a great 
number of fmall parts, 1 have found that to be the 1110ft 
convenient for the computation, in which it is frit di¬ 
vided into a number of rings by concentric circles, and 
tliefe again divided into a fufiicient number of parts by 
radii drawn from the common center, that center being 
the obfervatory where the plummet is placed on which 
the effect of attraction is to be computed. By this means 
the plan is divided into a great number of Jroall quadri¬ 
lateral fpaces, two of the oppoiite fides of' which are 
fmall portions of adjacent circles, and the oilier two arc 
the intercepted fmall parts of two adjacent radii, as ap¬ 
pears by fig. 1. tab. x. in which, for the pro lent, 
let the circles and their radii be fuppofed to be drawn- at 
any diftances whatever from each other, till 'it fhall ap¬ 
pear from the theorem tobe invefligated what may be the 
propereft diftances' and portions of tbofe lines;- -•'''Ih'fhiS' 
figure a is the obfervatory, -an the meridiau/ 'NAE an- 
a . ... ■ Eall- 
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r aft-and-Wcft line, bcde one of the little fpaccs, and f 
it:> center or foot of the axis of the pillar -whole bale is 
bcde; the figure awnea being a horizontal or level fee- 
tion through the point a. Join a, f, and with the center 
a defer he the middle circle gfh. Let a denote the length 
of the axis on the point F, or the mean height of the pil¬ 
lar on the bafe bd ; and s - the fine of tlic angle of ele¬ 
vation of that pillar as obferved at a, to the radius i, or 

s = —=hh ===. * Then will the magnitude of that column 

\ %/^-\ -AF 1 

or its quantity of matter be exprefied by xiExq 
which is fuppofed to be all collected into the axis: eon- 
fequently, if the attraction of each particle of matter be. 
in the reciprocal duplicate ratio of its didancc, the attrac¬ 
tion of the matter in the pillar, fo placed on the plum¬ 
met at a, in the direction, of the meridian an, will be. 

BC -}-ED S + v Oil 

—— X' BE x a x - x € = X B E x SC == A x BE x SC 

2 AF a 2 At Ah 

nearly*, fuppofi'ng f to be equally diilant from bc and 
ed, and c the cofine of the angle fan to the radius 1. 


But c is nearly equal to d the difference of the 
aligns ban, CAN, as is thus demonftrated. 
Draw gk, fl, hm, perpendicular, and gp parallel to aw; 
and draw; the chord gh. Then ak, am are the fines of 
the angles g an, han, to the radius af, their differ^ce 

y - being- 
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Tjeiag km = gp ; alfo fl is the cofine of fan to the fame 
radius: confequently gp : fl = d : c. But the triangles 
lfa, pgh are equiangular, and therefore gp :fl=gh ; af. 

Confequently gh : AF = d : c ; or -- x c ~ a. 1 his equa¬ 
tion is accurately true when gh is the chord of the ai c 
and as the fmall arc differs infenfibiy from its chord, the 
fame equation is fufficiently near the tiuth when gh is 
the arc itfelf. Substituting now d inftead of the quantity 

CH x q jj-j rhe theorem above, it will become bex(/j for 

\ F 

the meafure of the attraction of the pillar whole bafe is 
bd in the diredion an. Which is as eafy and Ample an 
expreffion for the attradion of a lingle pillar as can well 
be defined or expeded. 

Bnt to make the application of this theoiem Hill more 
eafy to the great number ol fmall pillais concerned in 
this bufinefs, let us fuppofe be and d to be conftant or in¬ 
variable quantities, and then it is evident that wfe ihall 
have nothing more to do hut to colled all the j’s or fines 
of elevation of all the pillars into one firm, and then 
multiply that fum by the conftant quantity be *4 by 
Which there will be produced the meafure of the attrac¬ 
tion of all the pillars, or of the whole part of the ground 
on one fide of we. Now be will be made to become 
conftant, by making the circles equi-diftant from one 

another, 
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another, or by taking the radii in arithmetical progref- 
fion. And d will be eonftant, by drawing the radii fo as 
to form with an angles whole fines fhall be in arithme-? 
tical progrefllon; for then d is the common difference of 
the fines of thofe angles. Hence then we are eafily led 
to the beft manner of dividing the plan into the fmall 
fpaces, viz. from the center a dclcribe a fufficient num¬ 
ber of concentric and cqui-diftant circles; divide the ra¬ 
dius ai of any one of them into a fufficient number of 
equal parts, and from the points of divifion ereCt perpen¬ 
diculars to meet the circle; then through the points of 
interfeCtion draw radii, and they will divide the circles 
in the manner required. 

In a computation of this kind, we need only calculate 
the attraction of the matter above the plane or horizon 
of each obfervatory, and the attraction of fo much matter 
as is wanting to fill up the vacuity below that plane lying 
between it and the fur face of the lower part of the hill. 
For the South obfervatory, the attraction of the Southern 
parts that are above it muft be fubtraCted from that of 
■the Mor|hern : |»arts, to obtain the attraction, of the whole 
■towards the North; that is, the Southern elevations ate 
negative, and-tire Northern ones affirmative. 4 ■ The con¬ 
trary names take place with ft#. 

the vacuities below the plane of the obfervatory j for if 
Vol. LXYIII. SA the 
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the whole fpace below this horizontal plane were full of 
matter to an equal extent both ways, its attraction need 
not be computed, as thofe 'on the contrary Tides would 
mutually balance each other; but fince there are unequal 
vacuities on each fide, it is evident, that the attraction of 
the matter that might be contained in them muft be de¬ 
ducted from the other two equal quantities, to leave the 
real attraction of thofe two Tides; then TubtraCting the 
remainder to the South Tide from that of the Northern 
fide, there will at laft remain the joint efteCt of all the 
matter below the plane in the Northern direction: but 
as the one remainder is to be fubtraCted from the other, 
the two equal quantities may be omitted in both, and 
only the effeCts of the vacuities brought into the account, 
which being twice fubtraCted, their figns become con¬ 
trary to thofe of the parts above the horizontal plane; 
that is, the effeCt of the Southern vacuity is affirmative, 
and that of the Northern one negative. But for the 
Northern obfervatory, when the attraction towards the 
South is to be found,,the contrary names take place; 
that is, in the elevations ,the Southern parts are affirma¬ 
tive, and the Northern parts negativebut in the vacui¬ 
ties or depreffions, the Northern parts are affirmative, 
and the Southern ones negative* 

According 
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According to the foregoing method the plan of the 
ground was divided into 20 rings by equidiftant con¬ 
centric circles, defcribcd about each obfervatory as a cen¬ 
ter; and each quadrant was divided into 12 parts or 
fedtors by lines forming, with the meridian, angles whofe 
lines are in arithmetical progreffion; by which means 
the fpace in each quadrant was divided into 240 fmall 
•parts, making almoft a thoufand of Inch parts in the 
whole round for each obfervatory, or near 2000 for the 
two obfervatories. This was judged to be a fufficiently 
great number of parts to afford a very confiderable de¬ 
gree of accuracy ; or at leaft that number was as great, 
and the parts as fmall, as was well confident with the 
degree of accuracy afforded by the number of points 
whofe relative altitudes had been determined. 

In this divifion the common breadth of the rings, or 
the common difference of the radii, is 666|- feet; and 
the common difference of the fines of the angles formed 
by the radii and the meridian is ~^th of the radius; and 1 
consequently, thofe angles are expreffed in degrees and: 
minptet'gas.^eref follows, viz. 4 0 47V 9* 3:6', *4?[sicfti 

*9**8'*' 24°'i37 , i 30° o'* 35 0 4** 

56° 26'i,66° 26% 90° o'. ; ' < ■ ’ - r&i)'--', . ' 'A* 

Tab. ix. contains a fmall plan ;of the, prihclpalflah#) 
moft ccnttsd- part of the gronnd^=acenr^flfsdi«fted^*'lhei 

SAz. above 
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above manner for one of the obfervatories, namely, the 
Northern one, with the places of all or molt of the 
points which fall within this part of the ground, accu¬ 
rately laid down and marked with dots, as alfo fuch of 
the included letters as have been before mentioned in 
this paper. 

In this plate rabcd, &c. is the chain of ftations 
around the hill; n and k are the Weft and Eaft cairns on ' 
the extremities of the ridge of the hill; o the Southern 
obfervatory, and p the Northern one. Of this kind were 
made two large plans, one divided for each obfervatory, 
from which were eftimated the mean altitudes of the pil¬ 
lars erefted on the fpaces into which they are divided. 

Thefe altitudes are eafily eftimated when feveral of 
the points fall near and in the fmall fpaces or bafes, efpe- 
tially when they are near the middle of them; but, nu¬ 
merous as the points are, there are evidently many bafes 
in which none at all are contained, nor even near them. 
This circumftance at firft gave me much trouble and dif- 
fatisfadtion, till I fell upon the following method by 
which the defedt was in a great meafure fnpplied, 
and by which . I was enabled to proceed in the eftimation. 
of the altitudes both with much expedition and a confi- 
derable degree of accuracy.; This method was the? *cen- 
nedting. together by a faintdine all the points whicl were 

' -V '■ ' of 
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of the fame relative altitude: by fo doing, I obtained a 
great number of irregular polygons lying within, and 
at fome diftance from, one another, and bearing a corifi- 
derable degree of refemblance to each other: tliefe poly¬ 
gons were the figures of fo many level or horizontal lec¬ 
tions of the hills, the relative altitudes of all the parts of 
them being known; and as every bafe or little fpace had 
feveral of them palling through it, I was thereby able to 
determine the altitude belonging to each fpace with 
much eafe and accuracy. In this eftimation I could ge¬ 
nerally be pretty fure of the altitude to within ten feet, 
and often within five, which on an average might be 
about the 100th part of the whole altitude; and when 
we conficler that the number of fuch eftimated altitudes 
is very great, and that it is probable the fmall errors- 
among them would nearly balance one another, the de« 
fe& of thofe that might be reckoned too little being com- 
penfated by the excefs in thofe which might be taken too 
great, we need not hefitate to pronounce, that the error 
arifing from the eftimation of the altitudes is probably 
ftilbmuchlefs than that part. ■ 

It was neceflary to determine thefe altitudes of the 
pillars, in order to compute, the fines of the angles of 
elevation fubtended by them, as the theorem' requires^ 

the ufe of thefe fines; and the 

g deducing 



deducing the latter from the former fhall be explained 
after we have, as below, regUiered the altitudes of all the 
pillars as they were computed. This regdler confifts of 
llxteen tables, namely four quadrants of 1 paces in the al¬ 
titudes, and four in the depre(lions, for each oblervatory, 
as fpccified in the titles of them. The numbers are feet, 
like all the other dimenfions. The numbers on the fame 
horizontal line from left to right are fueh as are all in the 
fame ring; and thole in one and the fame vertical co¬ 
lumn are in the fame feetor, or between the fame two 
radii; the number of the ring, counted from the com¬ 
mon center, is written in the left-hand margin ; and the 
number of the vertical column or diftance of the fpace- 
or lector from the meridian, at the top; alio the radius of 
each ring, that is, the line from the common center to 
the middle of the ring is written on the fame line with 
it, in the right-hand' margin. It may be further re¬ 
marked, that in iueh little fpaces as were cut through by 
the .boundary line between elevations and depreliions, 
thereby making but a part of fuch fpaces in each of 
thofe denominations, each fpace was accounted as a whole 
one; but then the mean altitude or depreflion in each 
part was diminilhed in the proportion of the whole fpace 
to the part of it fo included in the boundary. The altj$% 
titudes and depreflions are put down firft with relpfg: to / 
a ■ ' ■ the 
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the Southern obfervatory o, and then for the Northern 
obfervatory p; and in each, the altitudes are placed iirft. 

1. Altitudes above o in the N.W. quarter. 
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1. Altitudes above o in the N.E, quarter. 
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4, Altitudes above 

0 in the S.E. quarter. 
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Depreflions below 0 in the N. 

W. quarter. 
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Depret 

Hons below 0 in the N.E. quarter. 
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7. Depreffions below o in the S.W. quarter. 
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Depreffions below 0 in the S.E. quarter. 


Rings. | 

1 

% 

3 

. 4 .J 

_ .5 

6 | 7 | 8 | 

91 

to 1 

if 1 

12 I Radii, 

1 1 165 1 

165 

l60 

155 I 

15° 

140 | 130 j 120 

1 to 

too 

95 

40 

0 loj 

0 >0;- 

2 | 40O 

400 

400 1 

400 | 4GO 

39 ° ! 380 | 3 6 ° 

33° 

3 °o 

250 

110 

1 06c • 

3 j 600 

6 lO 

6 lO i 

610 j 610 

600 | 6OO | 580 

55 ° 

5 00 

440 

200 

1667 

4 1 79° 

75° 

74 ° 

740 j 74° 

730 j 720 | 710 

680 

640 

560 

300 

*333 

5 1800 

BOO 

BOO 

800 j 800 

800 j 800 | 800 

79 ° 

74 ° 

660 

400 

30 CO 

6 j 780 

780 

780 

7801780 

790 1 800 1 840 

880 

8 . 5 ° 

75° 

470 

3667 

7 

700 

69O 

680 

670 | 670 

6§o | 620 | 720 

820 

900 

770 

520 

43 s; ; 

8 

10 " 

.580. 

_ 49 °. 

4/0 

, 57 ° 

490 

460 

31°. 

’490’ 

570 1 570 

490 j 490 
440143° 

isoj spojhoo 

49 ° 1 . 49 °L 5 i?" 

420 j 410 j 430 

660 

5 *°" 

47 ° 

HOO 

700 

800 

880 

'886 

too 

600 

'680 

500c 

'.sffi 

hs. 

I I 

1 ir 

34 ° 

2x0 

. 33 ° 

200 

.3*0 

200 

j*oUao 
200|210 

. 3*01 3 . 3 ° 1 3 , 5 ° , 
220 ( 240 | 280 

420 

39 ° 

500 

48O 

7 . 8 ° 

680 

780 

900 

700c 
”7 6 b': 

13 

120 

1 X20 

H 30 \ 

tJO |' 14O 

150 | 1 Bo ( 230 

300 

, 4|0 

600 

99°. 

833. 

■ 14 

110 

ixo 

1 10 

120 

130 

150 j 1601 200 

280 

440 

5 Ho' 

980 

900c 

„ 15 : 

, 70 

70" 

70 ■ 

70 

QO 

lao j r4o*['X7C 

240 

420" 

57 ° 

990 

966;' 

l6 

I’D 

' 20 , 


40 | 

5° 

80 j1201160 

220 

400 

55 °! 

10 QQ 

isEj 

17 





xo 

146" 1901*1*40] 

200 ' 

J? 4 °’ 

54 ° 

95 ?j 

li ooc 

1.8 

1 I 5 I 40 1 xioj 

Tfo" 

i°° 


856 

■TtZb: 

19 






1 s° 


28*0 

_ 4 jbj 

780 

>* 3 S. 

20 

i 





120 

176*1 

2501 

40b | 

700 

1300: 


5 B 


VOL. LXVIII 












76 a Mr. i-iutton’s Calculations to afcertain 


9. Altitudes above p in the N.W. quarter. 
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ix. Altitudes above p in the S.W. quarter. 
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9 5 ° 1 

t.) i O | 

870 1 

O IO | 

T;P i 

{?'/0 | 

540! 

4 ftp 

330 

I/O 


_ 5 

JD2C 

1020 

102 o| 

lO^O 

1030I 

I 02C 

970 

77 ° 

570 

470 

39 ° 

130 

3000 

' M 

6701 

710 | 

770 j 

8tO | 

8401 

8(>0 | 

9101 

8yO 

7201 

9 5 ° 1 

400 

3 ° 

<3667 

7 ! 

2901 

3201 

360 | 

3901 

4701 

590 

700 

7 . 5 ° 

780 

600 

28O 


4333 * 

8 | 

1 

i 

1 

20 | 

70 1 

170 | 

2 , 5 ° | 

4^0 

ft 3 ° 

. 55 JL 

170, 


• 5000 

VI 

1 

"* 1 

I 

| 

1 

1 

! 

I IO 

36° 

420 

170 

__ 

iftft? 

IO 





1 




70 

180 

120 


ft 3 33 

isn 

I 

20 ; 

40 

So 

40 j 

1 


11667 

IQ 

IOO 

IOO 

IOO 

100 

80 

3 ° 


12333 

20 

130 

lL 3 ®” 

1 3 °. 

!2Q 

110 

8C 


i 3OOO 


13 

. Dcprc 

ffions below 

p in th 

e N. 

w. 

qua 

iter. 


Rin*$s. ] 

I | 

2 

_ 3 

4 

s 


7 

8. 

L .9 _ 

10 

11 

12 

| Radii, 

i" i 

IOO 

95 

90 

8.5 

80 

75 

70 

60 

1 5 ° 

40 

30 

15 

1333I; 

7 2 1 

j’90! 

380 

360 

330 

310 

' 290 

270 

240 

.210 

180 

150 

60 

1 loco 

IT) 

520 

510 

500 

i 490 

480 

47 ° 

4 . 5 ° 

430 

410 

37 ° 

270 

80 

1667 

,_. 4 ..„. 


640 

j 620 

; 6lO 

590 

S 7 o 

550 

.530 

i 500 

4.6O 

390 

90 


■ 5 

S30 

820" 

760 

"720" 

690 

66O 

ft 30 

SQO 

.560 

500 

380 

* 3 °! 

3000 

~T 

880 

860 

850 

1790 

730 

700 

670 

64° 

580 

4,80 

3+0 

280 

73667 

“71 

910' 

900 

86O 

830 

790 

720 

63° 

620 

540 

550 , 

44 ° 

. 1 85 j 

.4333 

~*r; 

5 ;iL 

89O 

840 

j 80O 


, 7 . 1,0 

610 

6lO 

. 5 |o 

530 

. 52 ° 

430.I 

5000 

_ 9 . 

830 

,830 

,830 

830 

830 

830 

760 

700 

670 

620 

60 O 

33? j 

5667 

10 

730 

740 

75.5 

770 

7«5 

800 

815 

830 

780 

7 So 

720 

460 

J! 333 , 

"f" 

730 

75 ° 

| 7 Bo 

800 

830 

860 

860 

880 

880 

860 

8 20 

..530. 

} 7000 

12 

7 jo 

77° 

| 810 

I860 

910 

93 ° 

950 

960 

! 9 50 

93 o 

880 

, 580. 

' 7 t» 6 ? 

, 7 i’ 

.779 

840 

l 9 »o 

Lass. 

[990 

1030 

1050 

>° 5 ? 

11030 

1 9 ,rf o 

1 930 

ft .50 

Lilli 


5B2 
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14. Depreflions below p in the N.E. quarter 

I % 3 | 4 5 I 6 | 7 I 8^1 9 I 10 11 | 12 |i\acui, 

.'x" f8o' jj ‘ joJlL "SoT s S ["5 6'| 45 J_ 4 °_|_35_jjoJ pjO~ l~ 333 * 
a | 33Q 34S 320) 300 2801 260 | 240 | 220 j r 90 | 150" ] 10 j 30 | 1000 

" 3"j~5 20 515 "505 | 490 "47S1 4_6 o ) 440 | 420 j 400 j 3 30 240 | ~6o | "1667 

4 |66o_675 690 j 700 700 j *690 j 660 | 620 | 56° | 470 3.50 j 25 | 2333 

5 J 840 840 840 | 840 840 j 830 | 820 j 770 j 720 j 620 _44o j 100 j 3000 

b | 860 j 880 900)920 930 j 930 | 9 10 j 870 j 830 j 740 570 | 240) 3667 

7 [920" 920 920 j §80 880 ) 900 | 930 j 940 j 930 | 840 680 j 610 j 4333 

8 | 920 "840 780)780 740)720)770 )870(920)970 900 j 630 j 3000 

o | 670 ) 8.50 j 950 940 I 600 j "5667 

0 | 520 | 720 j 9 20 960 IJ\5o J 6333 

b|~56o| 54o | 8 40 r 9 ao I 77 o~I~ 7 ooo 

ET'Q'40 j *570 j 800’["9 20 f "giioTj'' 7 667 
o j 72.0 |620 18201 900 [920 f 8333 


15. Depreffions below p in the S.W. quarter. 

































the mean Denjity of the Earth . 765 


16. Deprefiions below r in the S.E. quarter. 

Rinas. 

7 

“8 

X 

_=L 

3 ° 

3 1 4 | .5 I 6 | 7 | 8 | 9 | 10 | ii | 12 jiCulii. 

20 

1 1 1 1 1 1 1 | | 80 j 48331 

.I® 1 1 1 1 1 1 1 '1 |-no j 5000 

_ 9 

2(>0 

290 

290 | 280 | 240 | I $0 | 30 | j j | j 270 | 566 7 

10 

420 

440 

450 | 440 j 4 -o | 370 j 270 | 140 | | | | 33 ° I 8333I 

11 

5 

540 

560 j 560 | 5 ?o | 4B0 1430 j 330 j 150 | 40 | 40 I 43° j 7000 

12 

500 

510 

520 | 55O J 630 | 600 | 300 | 430 | 290 | 2QO | 200 | 030 j 7667 

_j 3. 

14 

. 450 . 

360 

_ 43 °. 

330 

4 a _° 14 1 5 ill_ 43 ° i..570 | 630 [530 j 430 j 480[340J.no 1 8333 
310 | 290 I.280 j 330J 510 | 670 |_59pj 630 [ 5; 0] 830 | 9000 

r 5 

240 

I230 

220 | 200 J 18c | voo I.330 | S30 | 770 | 760 j 7x0 | 870^1*9067 

16“ 

l80 

160 

| 150.I 130 | 110 | 140 | 23-J 330 | 630 | 850 | 790 | 88o"j 10333 

If 

j I IO 

[W 

i 5°j 40 1.30 | 90 | 190J 280 [5001 8"6o 'jli3o [860 jx~iooo 

“iB" 

! io ! 

1 

| | | j xo | 150 j 260 | 400 j 7601 830; j 760 ]'i ibiyj 

u; 

20 

1 7 o 1 230 1 33 ° 1 6°° | 770 | 630-j 123331 

| 10 j iSo I 290 j S3 0 i 6 90 I.53® [1300cI 


It remains now to find the fines of the-vertical angles - 
fubtended by all the foregoing altitudes and deprefiions,. 
fince the firm of thefe fines is what tve are in qtieft of.. 
Each altitude or depreffion Is the perpendicular of a.: 


bafe, or other fide about the right-angle; and by the re- 
folution of the right-angled triangle, for each perpendi¬ 
cular, the fame number of correfponding fines , will be 
found. But with fuch data the tangent of the angle is 
much eafier to be found than the fine, and the analogy 
for that purpofe is this, as the bateto the perpendicu¬ 
lar :: 1 (radius) ; the tangent required, which thef^ 
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fore be found by barely dividing the given perpendicular 
by the bale; and if we find this number in its proper 
column in a table of fines and tangents, on the fame line 
'with it, in the column of fines will be found the line of 
the angle required. This feems to be the eaiieft way of 
refolving' all the triangles when computed leparately. 
But as the labour would be very great in performing fo 
many hundreds of arithmetical divifions, &c. either by 
logarithms, or by the natural numbers, inftead of it, the 
following method, propofed by the Hon, Mr. cavendish, 
was adopted, as being a much more expeditious way of 
•obtaining the fum of the fines required. This method 
conlifts in finding, in a very eafy manner, the difference 
between each tangent and its correfponding fine, from 
the given bafe and perpendicular, and then, fubtradting 
fhe fum of all the differences from the fum of the tan¬ 
gents, there remains the fum of the lines. Several ad¬ 
vantages attend this method of proceeding: for, to find 
the tangents'we need not divide every perpendicular fe~ 
parately by its correfponding bafe, but add together all 
the perpendiculars that arc on the fame line, and divide 
their fum by their common bale, which is the radius of 
the middle of the ring, and is placed on the fame line 
■with them towards the right-hand; for thus we fhall 
have little more than a twelfth part of the nurhber of 

divifions 



the mean Denjiiy of the Earth . 767 

divifions to perform: alio a great part of the tangents are 
fo fmall that they do not at all differ from their corref- 
ponding lines in the number of decimals that it is necef- 
fary to continue the computations to, in all which cafes 
the trouble of finding the differences is faved; and thole ■ 
differences which it i§ neceffary to compute, are very 
readily found by infpedtion on a peculiar kind of Hiding 
rule, which was conftradfced for this purpofe, and of 
which I fhall here give a fhort defeription. 

This rule (the figure of which is reprefented tab, x. 
fig. 2.) confifts of three columns; one marked af or 
bafe, which is moveable by Hiding it up or down by the 
fide of the other two which are fixed; of thele two the one 
contains the perpendicular altitudes or depreffions, and 
the other the differences between the fines and tangents 
to the radius 1. To conftrucf the numbers on this rule;, 
form a feries of logarithmic tangents in arithmetical pro- 
greffion, of which the firft terra is 9*000, and the com¬ 
mon difference *025; take out from a table the cor- 
refponding natural tangents, and place them in tlie firft 
and fecqnd columns of bafe and perpendicular, and the - 
difference between the natural fine and natural tangent 
in the laft column, marked Diff. To make ufe of this. 
fcale ; look out any bafe and its correfponding perpendi- • 
cularin their propercolumns, that is,, any radius and its . 
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correfponding altitude or deprefiion in the iixteen fore¬ 
going tables, without regarding the number of places 
they contain, -and bring them to correfpond; then, if 
they eonlift of the fame number of places, the lower in¬ 
dex on the Aider or firft column, or that anfwcring to 
1000, points to the true difference between the fine and 
tangent in the Lift column; but if the number of places 
in the bafe exceed that in the perpendicular by one, the 
upper index 100 mult be ufed. And in this manner 
were computed all the differences which were neceflary 
to be found, and placed in their proper fquares formed 
by the meeting of the horizontal and vertical lines, or 
rings and femoral fpaces, in the following let of fixteen 
tables, which correfpond to the foregoing let of fixteen, 
each to each, according to the number of them, and 
marked at the tops with the numbers 1, 2, 3 fee. to .12 
for the fedtoral lpaces, and with the number of the rings 
on the left-hand margin. Alio, in the column imme¬ 
diately after the number of the ring are placed the radii 
which formed the laft column in the preceding tables; 
then, in the third column, are placed the films of the al¬ 
titudes and deprelfions found in each line of the former 
tables; and, in the next column, the quotients found by 
dividing the numbers in the third by thofe in the fecond 
column; thefe quotients are the fums of the tangents 

belonging 
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belonging to each line or ring, which being all added 
together, their total is placed at the bottom of the co¬ 
lumn: after this follow the twelve columns of differences 
before mentioned, which are fucceeded by one more co¬ 
lumn containing the fums of each line of thefe differ¬ 
ences, which fums being added together, their total is 
placed at the bottom of them; and this total is the fum 
of all the differences between the fines and the tangents, 
and it is therefore lubtradted from the total of the tan¬ 
gents in the fourth column, when there remains the fum 
of the fines as required. 


r. For the fum of the fines of alt. above o in the 

N. W. quarter. 



Sum of 
Perpcn* 



Sum of 
Diff. 


1 1 

1 33 3 r 1 

2175 1 

6*5251 

1031 

i°3|i03| 

103 

| 97 | 97 | 86 | 7 s| 5 s 36 20 

5 t ‘883 1 

2 ] 

xooo I 

: 0265 

6*2651 

88 | 

I.90 ] 88 j 

85 

84182178(75(564020 

4 1 79 ° 

31 

! 1667 ' | 

1004 s : 

6*027 I 

79 

86|87 | 

1 87 

88(97(93(64(48 21 j 71 

1 I 758 

41 

i 2333 ! 

9300 

3-9861 

1 12 | 

12 j 13 j 

[£ 7 _ 

13 l?_ 7 ( 39 l 43|45 tj> 4 j 

1 25 h 

5 ~ 

3006” 

L2.U.5. 

f ;425 ! 


’ 1 j* l. 1 

2 

3 (6 (11)16(27] 13" 3J 

T~' 8 f 

~~6( 

3667 

1 4695 

1*280 

m 

~ 1 ~~i 


1 i ■» 1 1 .i 31 7 .9 2 ! 

■1 23 


. ,4331 

5000’ 

Ij pi 


0*631 

JE325 

O'i 18 

0*009 

- 

2*796 ; 
14*795 : 



: turn of tangents, Sum of difif. | 

;fuia of. (the tlift*. 

: fum of the fines of alt. above o in the 
quarter. :' 


N.W. 
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2 . For the fum of the fines above o in the N.E. quarter. 

rUngK. 

Kadii. 

Sum of 
Perp. 

3 Tl- 
Svim of 
Tang. 

1 

"97 

2 

9- 

3 

•1 l >2 
65 

4 

«7 

bv 

5 

80 

59 

47J 

10 

6|J 7 

71J56 

5 _ 6 | 5 3 

4 jJ.lL’ 
I f{l2 

.43 

43 

3\ 

H 

l 1 

9 10 

1 331*4 
35 If 3 
151^0 

11 

1 2 

-uni of 

Diff. 

I 

33 S* 

1965 

5*895 

i .5 

9 

i 3 

s’ 

•695' 

2 

1000 

S 3 6 ° 

5-360 

68 
66 j 

JO 

53 

K 

J 

1 

54 i 

3 

1667 

8275 

4*965 

I51J+9 

3 ) iq| ic 

433 

' 4 

2333 

7555 

3*238 

8 

1 

124 

5 

3000 

4410 

1*47° 



1 1 

1 

JLli 

2 

J* 1 z 

4 


*3 

" 6 

3667 

i *937 

*528 



1 l_ 


| 


1 1 

1 


a 

" 1 

4333 

580 

* 1 34 



3 1 


L 


„L 




8 

5000 

1 So 

*QlO 



i_L 


| 


| 





21*600 n ium of the tangents. j 

x*8oS = fum of the differences. 

' 19*792 = fum of the fines. 

i-So8 

3. For the fum of the fines 
above 0 in the S .W. quarter. 

4. For the fum of the fines 
above 0 in the S.E. quarter. 

. I 

333 t 1 

10 

0*030 


16 | 

*0333 

10 j 0*001 | 

2 

IOOO | 

15 

15 


rail 

11000 

2 3 ° I 1 

3 

1667 j 

5 

3 


18 

11667 

830 | 7 1 | 

12 

7667 | 

40 

5 


J 9 

* 2 333 

1450 | 1 l8 j. 

: 13 

8333 

60 

7 


20 

1300° 

2130 j 164 j 

14 

9000 

U IOO 

n 


t 0-375 = fum 
of the tangents, or of the fines, the 
diff# being nothing, 

■ ■' ' . ; , 

, 

■ 

IS 

9667 

200 

21 


16 

10333 

i960 

190 


1 7 

11000 

3720 

338 


18 

u6'§7 

5770 

495 


: : 19 

JL 5333 . 

7266 

S 73 


so 

I3OOO 

8920 

686- 


, of the tangents, 'or -ft 
as the cliff# between th 
in this quadrant# 

2*374 sz fum 
m of the fines, 
em are nothing 
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1*1 

Tl 

I 
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1 *J 

* 1 

1 1 



1 1 

_l! 

Ijl 

T 


1*1 

| I | 

1 

s 


IT 

E 

IT 

i 1 


1* 

i_L 

l_i 

1 1 

r 

JjlIjl 

1* 

1* 

r 

1 1 

I 

T 

Li 

r 


.bumot 


20 | T 3 OOO | 13940 | I‘072 j j J I j 1 | l | I | I | I | I j 

13*635 rr fum oT the tangents* 

*iqi zz fum of the differences. 
13*534 zz fum of the fines. 


6 . For the fum of the fines below o in the N* 


quart 


6 

3667 1 

180 

’0*649 1 




: j j 

1 







7 

4333 

1 160 

268 




j^. 

_ 





" 


8 

5000 

2980 

596 





. 



__ 



__ . 

JL 

~~s&>r 

5210 

919 

1 

1 

1 

l 1 | 







5 

16 

6333 

"7300 

1 1-153 1 

Cl 

T 

1 

: 1 i j 1 j 

j 1 


n ..J 

c 

c: 


l ; 6 

1 r 

1 , 7000 

94.401 

| £ 3 + 9 .J 

1*1 

T 

QE 

2| 1 1 1 j 1 




T 


j 16 

: 1% 

7667 

' 11460 

f 1 ’495 ! 

Ll 


12 


£ 

■r 


| X 

i * 


Lj&. 


14 1 9 ooo >3290 j 

15 |. 9667 fTah yo j 

16 163 33 jiai So J 

17, ' lIoo^jTTs 56 | 


'■'SI® 
** 4?7 
^rJtT 
1*177 
1*07 7 
12*441 : 
J085 : 

12*3566 


I j 3 1 j I 

□lOl 


; lum of the tangents* 

: fum of the differences.' 
: fum of, the fines.' 
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7. For the film of the hues below o in the S.W. quarter. 


[Rings. 

Radix* 

Sum of 
Dep. 

= 

bum of 
Tang, 

X 

2 

n 

. 0 

4 

5 

6 

7 

8 

9 

10 

I 1 

12 

I 

3 vSi 

x 445 

4-333 

S I IS l l 47 l 43 | 4 o 

35 

27 

21 

17 

xo 

2 

| 

• 2 

IOOO 

3460 

3-460 

28|27|a6|25 

19 

i 7 

13 

9 

(> 

5 

2 

- 1 

3 

1667 

.5370 

3-222 

2 1 

I 9 i I 7 l I 5 

13 

18 

16 

6 

5 

4 

2 

1 

4 

2333 

6650 

2-850 

i 5 l i 4 

l J 3 

12 

(io 

8 

8 

J 

I 

3. 

2 

1 

5 

3 00 ° 

7640 

2-547 

9 

■9 

9 

8 | 

6 


sl 

4 

3.1 

3 

0 

1 

l ." 6 

i '3667 

8260 


5 

! S 

5 1.5 

[5 

| 5 „ 

Is 

1.3: 

I 0 I 

Ll 

X 

1 

7" 

j\ 43331 

8260; 

i-qo6 

2 

2 

■ 2.1 

2 

3 

. 3.1 

3] 

JL 

2 | 

2 ] 

I 

f 1 

~T 

1 5000 

r'7840’j 

~r}W' 





} 


1 I 1 

i 

jT 

!T| 

2 

1 1 

„9 

5667 

<M° i 

T-161 

i 

» 


* 

j_ 

1 | 

|T| 

X' 

X 

T| 

I 

J 

xo 

6333 

5680, j 

! 897 _“! 

1 

. 




H 

Ll 

X 

1 1 

fi 1 

I 

‘ j 

11 

7000 

44501 

636 '“'1 




1 




I 

ri 

J 


ll 

■ 12 

7667 

3x6° j 

4^_J 

“ 1 

j 

1 

! 


X j 

~| 


j 

1't 


1 1 

_ 


2190 j 

2()3 | 

i ”1 

i. 1 


1 



□ 


j 

111 


□. 


Sum oi 

DifL 

j3Il 

_'T} 
* 3 &~ 
95 
_ 64 

_44 

x 5 
_i 1 

1 _ 5 , 

__ J m 

2 

T 


14 


12.50 
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For the lorn of the fines below o in the S.E. quarter, 

t> r . Sum of §" r ' 2 ~7 . 0 Sum of 

. Radii, bum of * '23456789 10 11 12 

Pang. 


I 

1 333 ? 1 I 5 I ° 

1 4 *S 3 ° 

5 > 

5 * 

147 

l 43 | 40 l 35 |' 27 | 2 I 

1*7 

Usi 11 ! 1 ! * 357 ' 

2 

| IO0O | 4120 

I 4*120 

■28 

28 

|28' 

|a8|28|27|25|2I 

! 17 

l‘ 3 l 8 1 1 1 252 

_3 

| 1667 | 65IO 

1 3*906 

21 

21 

I21 

(up 1(21(21(19 

( t 6 

h 3 l 9 M 205' 

. 4 

1 2 333 I 8070 

! 3*459 

16 

16 

l*S 

i 1 5 l I Sl I Sl I 4 l I 4 

1*3 

|i°)6 1 j, 150' 

51 

! 3000 j 8990 

| 2*997 ] 

9 1 

91 

9 1 

i 9 9 1 9 1 9 I 9 

1 9 

! 8 j 5 h 1 95 

6' | 

[ 3667 j 9280 

1 2*531 

5 

_SJ 

Is 

Is si si si si 

hi 

hi4 M 57' 

_7 1 

4-333 1 8 44 ° | 

1*948 

2 1 

2 1 

I, 2 

1 2 2 | 2 | 2 | 2 | 

3! 

1 4 h *1 27 

8 1 

5000 j 749O j 

1*498' | 



1 1 

j j i j 1 j i | 1 

1 1 ' 

hi2-1| 14 

_ 9 . 1 

_S 667 J_ 6 & 30 _' 

| 1*170 



1.1. 

L 2.1 l l I 

I | 

h h 1 1 6 

10 | 

~~(>333 | 6070 

r«n 



l 1 

1 ■ 1 ij _r 

|Tj 

1 h *1 s 

~JD 

7ooo‘ | 5110 

1 730 



j” 

h 1.1 hi 

11 

h h * 1 s 

*vi 

7667 j 4210 

i .549 

, 

“1 


1 hf f" 

1 1 

1 1 1 1 3 

_L 3 _.i 

8333 1 354 ° 

1 425 




r j j_h 

1 1 

- 1 1 1 1 3 

*4 1 

9000' j 3370 

374 

H 


j*”; 

L-LJJi 

1 

s _ ij _?. 1 3 


*5 1 

9667 j 3020 

31,3 

L. 



: | 1 £ 

' 1 

1 1 1 1 2 


*6 1 

10333 ] 2680 

! 259 



1 . 1 

r ri 

J 

t h 1 1 . 2 


* 7 ‘ I 

ii000 J 2310 

210 



□ 


1 

1 1 1 * 


0*403 zz ium of the tangents, 
1*19*0 rr fmn of the differences, 
a 213"=: fmn of the lines, 


.._4 

2333 40 

; *004 | 

■_± 

_ 3331 

10 | 

*030' | 


.5 . 

3000 ; ’ 15 

1 .5 I 

. 2 

1000 

10 

Ip 


6 
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For the fnm of the fines below p in the S.W. quarter. 
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For the fum of the fines below P in the S.E. quarter. 
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Having now obtained the films of the fines for the 
feveral quadrants, the next bufinefs is to colledt them 
together, and deduct the negatives from the affirmatives. 
And this may be done either for each obfervatory fepa- 
rately, or for both together. I fhali do them feparately, 
in order thereby to diicover alfo the ratio of their effects. 
And, firft, for the Southern obfervatory o. 
Affirmatives. Negatives. 

1.. 2,4*795 N.W.-i 3 • • 2*374 s * w * ) Alt 

a.. 19*792, N.E. i ’ 4 . . 0*375 S.E. J 

7.. 24*806 S.W. i 5.. 13*534 N.W.i 

8.. 29*213 S.E. J 1 6.. 12*356 N.E. J Uep ‘ 

98*606 = fum of affirm. 28*639 fum. 

28*639 =ftim of negat. 

69*967 = effective fum of the fines for o. 

Secondly, for the Northern obfervatory p. 
Affirmatives. Negatives. 

11.. 25.078 S.W. I .. 9.. 0*019 N.W.i 

12.. 20*261 S.E. J * 10.. 0*090 N.E. J 

13.. 25*637 N.W.i i 5 ..2*774SW. 1 

14.. 26*161 N.E. 1 1 16.. 5*610 S.E. j v* 

07*137 s= fum of affirm. 8*493 
8*49 3 " fum of negat. 

88*644 = effective fum of the fines for p. 

6 9'9^7 = the fame for o. 

158*611= the fum of the fines for both obferv. 
Vol* LXVIII. 5 D From 
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From thefe numbers it appears, that the effeft of the 
attraction at the Northern obfervatory is to that at the 
Southern one, nearly as 70 is to 89, or as 7 to 9 nearly. 
This difference is to he attributed chiefly to the effeCt of 
the hills on the South, of the Southern obfervatory, which 
were conliderably greater and nearer to it than thofe on 
the back of the Northern obfervatory. For although the 
Southern obfervatory was placed 273 feet above the level 
of the Northern one, which removed it conliderably 
more above the center of gravity of the hill than the lat¬ 
ter was, it was at the fame time placed conliderably 
nearer than the other to the middle in a horizontal direc¬ 
tion ; fo that probably the one difference nearly balances 
the other; and accordingly we find that the Him of the 
affirmative altitudes for o is 44*587, and of thofe for p 
45*339, which differ by only a 45th part nearly. 

It only remains now to multiply the fum of the lines 
by the common breadth of the rings, and by the common 
difference of the lines of the angles made by the meri¬ 
dian and the feveral radii. It has already been obferved, 
that the former is 6 66f, and the latter f, ; therefore 
tV x 666 j = is their produCt: confequently, 

158*611 x s ~ = 88x1} nearly, is the fum of the two op- 
polite attractions made by the hill, See. at the two obfer- 
vatories. 
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In order now to compare this attraction with that of 
the whole earth, this body may be confidered as a fphere, 
and the obfervatories as placed at its furface; iince the very 
fmall differences of thefe fuppofitions from the truth, are 
of no confcq.uence at all in this comparifon. Now the at¬ 
traction of a fphere, on a body at its furface, is known to 
be = ~cd, where d is = the diameter of the fphere, and c - 
3* T 41 6= the circumference of the circle of which the dia-. 
meter is 1. But cd is = the circumference of the circle to 
the diameter and therefore the attraction of a fphere will 
be expreffed by barely ~ of its circumference; which is a 
theorem well adapted to the computation in hand. The 
length of a degree in the mean latitude of 45 0 , is 57028 
French toifes (fee p. 327. Phil. Tranf. 1768): and the 
fame refult nearly is obtained by taking a mean among 
all the meafures of degrees there put down, that mean 
being 57038 toifes. I fhall therefore ufe the round 
number 57030 as probably nearer the truth. This 
number being multiplied by 6, the product 342180 
fliews the number of French feet in one degree; but, 
by p, 326. of the fame volume, the lengths of the Paris 
and London feet are as 76*734 to 72, that is, as 4*263 
to 4; therefore, as 4 : 4*263 :: 342180 : 364678 = the 
Englifh feet in one degree; and this being multiplied by, 
360 the whole number of degrees, there refults, 

5 D 2 131284080 
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1312,84080 feet for the whole circumference, which 
are equal to 24864! miles, making 69^ to a degreee in 
the mean latitude. Laftly, f of 131284080 give 
87522720- for the meafure of the attraction of the 
whole earth. 

Confequently, the whole attraction of the earth is to 
the fum of the two contrary attractions of the hill, as the 
number 87522720 to 881 if, that is, as 9933 to 1 very 
nearly, on fuppofition that the denfity of the matter in 
the hill is equal to the mean denfity of that in the whole 
earth. 

But the Aftronomer Royal found, by his obfervations, 
that the fum of the deviations of the plumb line, pro¬ 
duced by the two contrary attractions, was 11*6 feconds. 
From hence it is to be inferred, that the attraction of the 
earth is actually to the fum of the attractions of the hill, 
nearly as radius to the tangent of 1 r6 feconds, that is, 
as 1 to *000056239, or as 17781 to 1; eras 17804 m 1 
nearly, after allowing for the centrifugal force arifing 
from the rotation of the earth about its axis. 

Having now obtained the two refults, namely, that 
which arifes from the aCtual obfervations, and that be¬ 
longing to the computation on the fuppofition of an 
equal denfity in the two bodies, the two proportions com¬ 
pared muft give the ratio of their denfities, which is 
6 ' ■, . ' " ■ that 
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that of 1780410 9933, or 1434 to 800 nearly,or almoft 
as 9 to 5. And fo much does the mean denfity of the 
earth exceed that of the hill. 

Thus then we have at length obtained the objedfc 
which we have been in queft of through the very labo¬ 
rious calculations that have been defcribed in this paper, 
and in the furvey and mealurements from which thefe 
computations were made; namely, the ratio of the mean 
denfity of all the matter in the earth, in comparifon with 
the denfity of the matter of which the hill is compofed. 
And that ratio we have found to be equal to the ratio of 
9 to 5. And, for the reafons before mentioned, I think 
we may reft fatisfied, that this proportion is obtained to a 
confiderable degree of proximity, probably to within the 
fiftieth part, if not the hundredth part of its true mag¬ 
nitude. Another queftion, however, ftill arifes, namely, 
what is the denfity of the matter in the hill? Is its mean 
denfity equal to that of water, of fand, of clay, of chalk, 
of ftone, or of fome of the metals? For, according to 
the matter, or different forts of matter, of which it is 
formed, and according as it is conftituted with or with¬ 
out large vacuities, its mean denfity may be greater or 
lefs, and that in a degree which is not certainly known. 
A confiderable degree of accuracy 
only be obtained by a clofe examination of the internal 

firudture 
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ftrufture of the hill. And the eafieft method of doing 
this would be to procure holes to be bored, in feveral 
parts of it, from the furface to a fufficient depth, after 
the manner that is practiced in boring holes to the coal 
mines from the furface of the ground; for by inch ope¬ 
ration it is known what kind of ftrata the borer is palled 
through, together with their dimenfions and dcnlities. 
The proper mean among all thefe would be the mean 
denlity of the hill, as compared to water or to any other 
fimple matter; and thence we ftiould obtain the compa¬ 
rative denlity of the whole earth with re 1 peel to water: 
but in the prefent inftance, we rail ft be fatisfied with the 
eftimate ariling from the report of the external view of 
the hill; which is, that to all appearance it confifts of an 
intire mafs of folid rock. It is probable, therefore, that 
we fhall not greatly err, if we aftume the denlity of the 
hill equal to that of common ftone; which is not much 
different from the mean denlity of the whole matter near 
the furface of the earth, to fuch depths as have actually 
been explored either by digging or boring. Now the' 
denfity of common ftone is to that of rain water as 2d to 
i; which being compounded with the proportion of 9 
to 5 above found, there refults the ratio of 4! to 1 for 
the ratio of the denflties of the earth and rain water; 

that 
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that is to fay, the mean denfity of the whole earth is 
about 4- times the denfity of water. 

To what ufeful purpofes the knowledge of the mean 
denfity of the earth, as above found, may be applied, it 
is not my bufinefs here to (hew. I fir all therefore put an 
end to this paper with a reflection or two on the premifcs 
before delivered. Sir isaac newton thought it proba-. 
ble, that the mean denfity of the earth might be five or 
fix times as great as the denfity of water; and we have, 
notv found, by experiment, that it is very little lefs than 
what he had thought it to he: ib much juftnefs was even, 
in the fur miles of this wonderful man! Since then the. 
mean denfity of the whole earth is about double that of 
the general matter near the furface, and within our 
reach, it follows, that there muft he fomewhere within 
the earth, towards the more central parts, great quantities 
of metals, or fuch like denfe matter, to counterbalance 
the lighter materials, and produce fuch a confiderablc 
mean denfity. If we fuppofe, for inftance, the denfity of 
metal to be 1 o, which is about a mean among the vari¬ 
ous kinds of it, the denfity of water being 1, it would 
require fixteen parts out of twenty-feven, or a little more 
than one-half of the matter in the whole earth, to be 
metal of this denfity, in order to compofe a mafs of fuch 
mean denfity as w.e have found the earth ;to ppflefs fiy; 

our 


1 
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our experiment: or T 4 T , or between ~ and ~ of the whole 
magnitude will be metal; and confequently or nearly 
f of the diameter of the earth, is the central or metalline 
part. 

Knowing then the mean denfity of the earth in corn- 
par ifon with water, and the denfities ot all the planets 
relatively to the earth, we can now aflign the propor¬ 
tions of the denfities of all of them as compared to wa¬ 
ter, after the manner of a common table of fpecific gra¬ 
vities. And the numbers exprefling their relative den¬ 
fities, in refpedf of water, will be as below, fuppofimg the 
denfities of the planets, as compared to each other, to be 
as laid down in Mr. t>E la lande’s aftronomy. 


Water . . . 

1 

The Sun . . 


Mercury . . 

9 ? 

Venus . . . 

rll 
O 1 S 

The earth . . 

4 r 

Mars .... 

3 y 

The Moon . . 

3 rr 

Jupiter . . . 

l jy 

Saturn . . . 

*3 

3 * 


Thus then we have brought to a conclufion the com¬ 
putation of this important experiment, and, it is hoped, 
with no inconfiderable degree of accuracy. But it is the 

firft 



firft experiment of the kind which has been fo minute! v 


and circtimftantially treated; and firft attempts are tel- 
dom fo perfect and juft as fucceeding endeavours after¬ 
wards render them. And, befides, a frequent repetition 
of the fame experiment, and a coincidence of reiults, 
afford that firm dependance on the conclufions and iatif- 
faftion to the mind, which can feared y ever be had from 
a fingle trial, however carefully it may be executed. For 
thofe reafons it is to be wifhed, that the world may not 
reft fatisfied barely with what has been done in this in- 
ftance, but that they will repeat the experiment in other 
fituations, and in other countries, with all the care and 
preciflon that it may be pofiible to give to it, till an uni¬ 
formity of conclufions lliall be found, i ufficient to efta- 
bliih the point in quell ion beyond any reafonable poffi- 
bilitv of doubt. Wlr.it has been already done in the pre- 
fent cafe will render any future repetition more eafyand 
perfect. But improvements may be made, perhaps both 
in. the mode of computation and in the furvey; in the 
latter, cfpcdally, there certainly may. Some improve¬ 
ments of this kind I have hinted at in forae parts of this 
paper, which with others I fhall here colled: together, 
that they may readily be feen in one point of view. They 
are principally thefe. Procure one bale, or more if con¬ 
venient, very accurately meafured, in fuch fituation, that 
Vol. LXV 1 II. 5 E as 
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as many more points as poffible in the furvey may be 
feen from it. Affume as many principal or eminent 
points and objects as may be proper and convenient; and 
from each one of them meafurc the angles formed by- 
all the reft that can be Icon, both horizontal and vertical 
angles, and repeat thefe oblervations, if convenient, with 
the inftrument varied or reverfed, taking the means 
among the fevcral quantities of each angle. Take then 
as many lections of the ground, anti as fir extended in 
all directions, as the time and circumlianccs will pollibly 
admit. Of the fedtions, tliofe that are horizontal or level 
are the belt, as they require no calculation; procure 
therefore as many as poffible of them. In vertical fec¬ 
tions obferve the vertical angles, not in the plane of the 
fedtion, but at fome other point of which the bearing is 
alfo taken from the beginning of the fedtion line, and 
where the horizontal angles of the poles are taken, for 
the reafons before mentioned in p. 7 23. And it will be a 
ftill farther convenience if the fedtion be made in fiich 
diredtion as to form a right angle with the line drawn to 
the point or ftation from whepce the vertical angles of 
the poles are obferved, as may be feen from what is faid. 
in p. 721. It might,, perhaps, be proper to make fome 
experiments on a valley inftead of a hill, taking two ob~ 
fervatori.es at the two oppofite Ikies of it, both for the 

greater 
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greater variety in this intereiting problem, and became 
alfo the furvey would be more eaiily made, on account 
of the ground being more in view at each ftation than in 
the cafe of a hill, which generally hides more than half 
the compafs from the obferver. In computing the rela¬ 
tive altitudes of all the principal ftations, let the opera¬ 
tions be performed mutually both backwards and for¬ 
wards, that is, from both of every two objedts, having 
for that purpofe obferved at each of them the vertical 
angle of the other, namely, both the angle of elevation 
•and the angle of depreffion, and take the mean between 
the two computed differences of altitude; for this ex¬ 
cludes the necelfity of making the proper allowances for 
refradtlon, and for the curvature of the earth; flnce the 
effedt of each of thefe is balanced and corredted by that 
of the counter oblervation. But as to thofe points in 
the fedtions which are far diftant from the obferver, 
and where great accuracy is required, it may be proper 
to make the allowance for rcfraction and curvature, as 
there is generally no back obfervation by which their 
effects may be balanced. Thefe are the chief hints 
which at prefent occur to me, betides the general infor¬ 
mation to be derived by the computer from the perufal 
of the modes of computation that have been clefcribed in 
this paper. As to the furveyor, he will ftrike out other 
• ' , , . ■ ^ 5 E a . , , '■ convenient 
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convenient ways of meafurement adapted to the drenm- 
ftances with which the nature of the furvey may hap¬ 
pen to he attended, 

A map of the country about Schehallicn is hereunto 
annexed, to convey a general idea of the nature of the 
ground, and for the better illuftration of the description 
given in the former parts of this paper. This map is tain, 

XI. 

Woolwich, 

April 27, 1778. 
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XXXIV. An Account of the Blue Shark, together with 
a Drawing of the fame. By W. Watfon, Jun. M. L\ 
F. R. S, 


Read June 4, 
1778. 


r "| ’'HE fifh from which the drawing was 
made v r as taken on the Coaft of De- 


vonfhire. It had got into {hallow water, by which acci¬ 
dent Mr. martin, a very great lover of natural hifiory, 
and who happened to be on the fiiore, was enabled to 
drag it out by the tail, and to kill it on the {pot* 

LINNAEUS places this animal in the clafs of amphibia, 
under the name of fqualm glaucus, and makes rife of 
artede’s defeription, viz. fqualus joffula triangulari in 
extreme dorfo, foraminibus nullis ad oculos. As this fifli 
is well deferibed by rondeletius and others, I {hall, 
only fubjoin the following remarks. There are two tri¬ 
angular dents at the origin of the tail, both above and 
below; that which is on the back is biggeft and deepeft. 
No orifices are to be feen behind the eyes, as is ufual 
with fifties of this genus. Two white membranes,, one 
to each'eye, perform the office of eye-lids.. They are 
placed beneath under the external integuments,, and: 

. . ■ ■ . ' : . ' mover 
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move upwards when they cover the eyes. It is furnifhed 
with five rows of teeth; thefe are triangular, and finely 
ferrated'H The body is of a fine blue colour, dark on 
the back, lighter on the fides; the belly and all the under 
part of the fifh white; the fins and tail were of a dirty 
blue; the colour of the blue part fs exactly reprefented 
by different fhades of indigo blue. When the head was 
placed downwards, a pretty large white pouch came out 
of its mouth, jelian fuppofes this to have ferved as an 
alylum to its young brood in time ot danger. The 
length of the fifh from the tip of the nofe to the end of 
the tail was fix feet eight inches ; the length of the pec¬ 
toral fin one foot four inches: the fcale annexed to the 
drawing will give the meafurement of the other parts. 
It was a female, and weighed fifty-five pounds. An-out- 
dine of the under fide of the head is added, in order to 
.fiiew the fituation of the mouth. 

As I have never been able to fee an accurate drawing 
of this fifh, and as Mr. pennant, in his Britifh Zoology, 
willies a farther account may be given of it, I thought it 
-not unworthy of the Society’s notice. The fifh itfelf vras 
fluffed, and is now at the Britifli Mufeum. 

(a) I cannot ascertain how many'rows of tcetli belonged to each jaw, they 
being feparated by boiling before they were’prorcrly examined. 
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XXXV. A’Defcription of the Exoccetus Volitans, or Fly¬ 
ing Fifh. By Thomas Brown, Surgeon, nearG lafgow. 
Communicated by Dr. Fothergill, F- R. S. 


Read June 4, r | ^H'E.beft reprefentation I can give of the 
flying fifli is in the accompanying 
fketch, drawn from one of the middling fize, about nine 
inches long, and full four round at the th.ick.eft part^k 

From the largenefs of the head, and the body being 
neither prominent above or on the fides, the eyes are 
fituated in fuch manner as to difcover their danger or 
prey almoft all around them; but when they are puilied 
out of their fockets, which the fifh is capable of doing 
confiderably, their fphere of vifion is greatly increafed. 

The fkin is uncommonly firm for the fize of the ani¬ 
mal, and their fcales large and thick. As they have no 
membrane to fhade the eye, they are not able to cover 
the pupil in any of its motions. 

The wing is no other than a large pedtoral fin, com- 
pofed of feven or eight ribs or pinions, the largeft of 
which being uppermoft, reaches almoft to the tail, , the: 

,(s} The naked out-line fliows the form, of the mouth when opened. 

reft. 
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reft gradually fhortening to the bottom, are connected 
by thin membranous pellucid films or webs from their 
roots which fpring near the gills to the very fumniit, 
where they lofe themfelves in Header points: at their 
thickeft ends approaching each other, they unite in a 
line, which, in correfpondence with the form of the gins, 
is nearly the fegment of a circle; though there they are 
connected, it is in fuch a manner as to allow of being- 
drawn a little afunder, which reparation is confiderable 
at the other extremity. The united ends are grooved or 
hollowed, to receive a ridge or protuberance of the 1 cu¬ 
pula, to be afterwards mentioned, forming a joint capable 
of little motion, excepting backward ami forward; in 
the one cafe, the wing lies clofe to the fide; in the other, 
it is moved from the iidc forward, forming an acute or 
reft angle with the body of the fiili; but neither at this 
time expanded. Thefe two motions are performed, 1 
prefume, in common fwimming. 

The fore-part of its body, from near the back bone 
downward to the bottom, where it terminates .in a point, 
Is fortified juft behind the gills by a flat hone on each 
fide, which anfwer all the purpofes both of clavicles and 
fcapulas in land animals: they are firmly united before, 
or at the inferior part where they are narrower, and ruli¬ 
ng upward, widening as they approach the back, they 

become 
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become fomewhat hollow towards the body, and a little 
convex outwardly at the broadeft part; but towards 
the gills the edge of the bone on each fide is turned 
outward, like the cape of a garment, to form a fmootli 
■ furface for them, and at the fame time to give lodgement 
to a ftrong mufcle under it, which fills the whole fpace, 
on the fuperior part of the bone; for on the pofterior 
part of it the articulation is made with the wing. 

Juft above the joint the fcapula is fmooth and hol¬ 
lowed, in the manner of a crefcent, to allow a tendon to 
pafs from a fmall mufcle which lies on the inferior part 
of it, next to the body of the fiih. 

The upper part of the ridge that forms the joint, and 
is received by, or articulated with the wing, is rounded 
and fomewhat enlarged, over which the ftrong tendon, 
bound down by a ligament, together with feme fibres 
of the' mufcle lodged under the inverted edge of the 
bone, is obliged to pafs, and, going over the joint, is in- 
ferted into the root of the ftrongeft and uppermoft pi¬ 
nion ; near to which place, the tendon, palling in the 
lemi-lunated part of the fcapula before mentioned as 
over a pulley, is alfo inferted a little way beyond the 
joint-. 

By the adtion of thefe two mufcles, pulling in oppo-- 
fite directions, though both upwardly, at the' fame time 
Von. LXVIII, S F that 
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that the lower pinions are kept down by the mufcles oil 
the anterior, by thofe on the pofterior and inferior part 
of the fcapula; I fay, the effed of the action of thefe two 
mufcles is, to pull the pinions upward, and at a greater 
diftance from one another, or in other words to expand- 
the wing; for the joint does not allow of any motion up¬ 
ward, and if it did, it would not in the leaft influence the 
flze of it. 

The other mufcles that lie on the external, internal, 
and inferior parts of the fcapula, together with feveral 
finall ones that ran backward: thefe, I fay, alfo ferve to 
move the wing backward and forward. This fcapula 
and wing, with all its apparatus of mufcles, can be eafily 
divided, except at the fuperior part, from the mufcles 
that form the fore part of the body of the fifli, being- 
only connected by a cellular medium. 

The globe of the eye is large in proportion to the ani¬ 
mal; the pupil large too, and nearly, if not altogether, 
circular. The cornea is lefs tranfparent than in the ge¬ 
nerality of filb.es; the fore part of the globe is a good 
deal flatted, as if a fegment or portion had been cutoff, 
for fo fmall a part of the aqueous humour is contained 
between the cornea and iris, which is of a filver colour, 
that they are nearly in contad. 

The 
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The optic nerve, though at its egrefs from the fknll 
it is united by a common external membrane with that 
of the other eye, does not feem blended with it; this 
nerve, which is very large, pierces the external coat on 
the bottom of the ball, but not in the center; it enters 
on the tide of the axis next the fiIll’s body. The exter¬ 
nal tunic into which the mufcles are immediately in¬ 
ferred, and which gives ftrength and figure to the whole, 
is very firm, tough, and almoft horny: when the eye is 
boiled, it feems to have a continuation of fibres, and in¬ 
deed is of the fame colour with the feptum of the eye 
or iris, the cornea feparating readily from it, and having 
then the appearance of the fmall fegment of a great cir¬ 
cle or globe, applied to the great fegment or fide of a 
much finaller one. A 11 the bottom of the ball is covered 
with this ftrong membrane, except in the poficrior part, 
where it becomes abruptly much thinner, more pliant, 
and of a fhape nearly refembling the fpace left by the 
union of four circles, or a kind of fqnare with its fidcs 
bent inward; in the center of this the optic nerve enters, 
clofe to the fide of which an opening, like a pin-hole, 
appears, through which I imagine a fmall artery paffes. 

The cryftalline humour, both in the recent and boiled 
fubjed, is entirely fpherical; in one it had the appearance 
of bottle glafs; in the other it was bright as cryftal. 

2 F a When 
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When boiled it feemed to be attached to the vitreous hu¬ 
mour, which was not then coagulated, it had an oblong 
blackifh lubftance fixed to it like the fragment of a blood 
veifel, which I could with difficulty feparatc. 

In the frefh filh, the bottom of the eye, except where 
the optic nerve entered like a fmall elevated white Ipcck, 
was laid over with a downy pearl-coloured paint; a 
part of which, upon fqueezing out the vitreous humour, 
fometimes floats on its furface. Upon removing this, a 
black foft painting appeared, which in the botttom of 

1 

the globe, and fomeway round the entrance of the nerve, 
had a reddifh call, or flreaks of red, buried in it: tliefe 
were maffes of fine blood veffels, which I imagine had 
fprung from the frnall perforation before mentioned. In 
the boiled eye, thefe paints were not much altered, ex¬ 
cept the red part, which, like all coagulated blood, was 
now become dufky. On the back part of the iris, or ra¬ 
ther the poflerior part of the aqueous humour, it was 
only covered over with the black coloured pigment. 

The mufcles of the eyes were remarkably ftrong, 
broad, and diltindt; for in fmall fillies they are in gene¬ 
ral fo pappy and tender, that it is very difficult to exa¬ 
mine them with accuracy. 

Their throat or fwallow is formed of an oblong, 
rounded protuberance on the backpart of the fauces, 
4 and 
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and a receiving hollowed fubftance on the fore part, both 
plentifully armed with fmall tenter hooks, pointing 
backward. They feem to have no remarkable dilatation 
in the canal of the bowels, in the manner of a ftomach ; 
but one tube pafles direcftly from the mouth to the anus, 
on the upper or anterior part of which lies the heart; 
on the lower or pofterior the liver and gall-bladder; and 
on the tides of this laft are lituated the rows, which con- 
fift of two lobes. On each fide, and at feme little dis¬ 
tance from the heart, is a pale afti-coloured fubftance, 
fomewhat rcfembling the lungs of fmall birds, which 
feem to join at the back, and to run united all along the 
hollow clepreftion there as far as the anus. Thefc parts 
were fo very tender, and fo little fit for examination with 
the bands or knife, that it was impoiiible for me to dis¬ 
cover their life, or to trace any communication they 
might have with the throat. 

Noftrils they have, and I could pafs a hog’s brittle 
through them, by the palate, into the mouth. 

In the recent ones the abdomen was near two-thirds 
full of air. At the bafis of the fkuli I found two little 
flat fnow-coloured bones, irregular and rough, fuch as 
we find in cod and many other fea fifties. 

Upon examining the wings after being fome time ex- 
pofed to the air, I find they become fo dry, and the fine 

thin 
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thin intervening membrane fo rigid, that it is difficult to 
expand them without violence, at the fame time that the 
motion of the whole wing backward and forward is no¬ 
thing impaired; this circumftance, which only happens 
after the fifh has been a confiderable time out of the water, 
may have given rife to the common tradition amongft 
fea-faring people, that it can fly no longei than its 
wings are wet, and that in its flight it floras along the 
fnrface and dips, fkims and dips again, with no other 
purpofe than to moiften and keep them in a flying trim. 

That in the courfe of one flight, at leaft once, twice, 
or perhaps thrice, it flightly touches the water is certain; 

the whole is performed in fo fmall a fpace of time, 
and its continuance in the air is of fo fhoit dotation, that 
even in the dryeft, warmeft weather little is to be appre¬ 
hended from the too great rigidity of the wings. In my 
opinion, though this circumftance of moiftening them 
mav be of fome ufe, and a fecondary advantage, yet they 
feem to touch the water for a more important purpofe, 
for the fame reafon that a diver or fwimmer, when be¬ 
low the furface of another element, is very frequently 
obliged to emerge into his own. It may allb be of fome 
ufe in giving the animal new force and vigour for ano¬ 


ther departure. 

But as flying is only a fudden expedient, in order to 
efcape the jaws of their enemies, and by no means their 

natural 
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natural or ufual mode of exifience, there feems not to be 
any particular or remarkable apparatus neceflary for a 
long fubfiftence, nothing is wanted but the power of mo¬ 
tion in our atmofphere, and the drying of their wings, 
appears to be the only inconvenience they are likely 
to fuffer. Hence it is, that in every other part of their 
frame and ftradhire, fmall provilion is made by all- 
bountiful nature for this tranfmigration. 

In flying not only their fins and wings are much ex¬ 
panded, but alfo their tail; they fkim along the furface 
of the deep with great velocity, fomewhat in the manner 
of a fwallow, but in ftraight lines, and from the black- 
nefs of their backs, the whitenefs of their bellies, and 
forked expanded tails, they have much the fame ap¬ 
pearance ^ 

They can fly fifty, fixty, or more yards at one ftretch, 
and repeat it a fecond or even a third time, only the 
flighted momentary touch of the furface that can be 
conceived intervening. 

* 

They are feklom folitary, but rife in flocks or fhoal$ A; . 
In tafte they fomewhat refemble a mackerel. 

(b) Since writing the above, I find the ancients were acquainted with this 
fpecics; pliny mentions it under the name of the Hirundo. 

(c) We found them in greateft quantities between the latitude of 15 0 and io° 

N. from 20 0 to 30° W, of the meridian of London 5 but they abound between 
the Tropics in many other places of the vaft Atlantic, as well as in the Indian 
■Ocean. ' ' 


They 
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They are drove out of their own element by the 
fhark/^, the porpoife^, the albicore^, the bineto^, and 
dolphin w 3 to become a prey in ours to the booby ( ' } , the 
man of war w , and tropic bird^; but I fufpedt their vi- 
iion in air is not very diftinft, as they often in their 
flight fall a fhip-board, or ftrike againft whatever hap¬ 
pens to be in their way, as was the cafe with all thefe I 
examined: and indeed the form of the cryftalline hu¬ 
mour of the eye feems to countenance this opinion, be¬ 
ing of the fame fpherical figure with that of the greateft 
part of thofe fifties that altogether inhabit the watery 
element. 

(d) Squalus Condudlor. 

(e) Delpliinus PhocaTia, 

(f) Scomber Thynnus. 

(g) Scomber Pelamis. 

(h) Delphinus Goryphaena, 

(i ) Pdicanus Pafcator. 

(k) Pelicanus Aquiiusj or Man of war bird* 

(l) Pliaeton acthereus* 
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XXXVI. Reafons for diffenling from the Report of the 
Committee appointed to confder of Mr. Wilfon’s Expe¬ 
riments', including Remarks on fome Experiments ex¬ 
hibited by Mr. Nairne. By Dr. Mufgrave, F. R. S. 


Road June 25, T DO not find tliatDr.FRANKLiNjin any of the 
A paffages where he ipeaks of the efficacy 
of ffiarp-pointed conductors to prevent electrical explo¬ 
sions, lias expreffed any doubt, of their being tmiverbally 
preferable for this purpofe to thofe which have a blunt 
or fpherical termination. The fame obfervation may be 
made of the other gentlemen who are the advocates for 
his doCtrine. It may therefore be affirmed, that both he 
and they mean to affert an univerfal proportion, “ That 
{t fliarp points will, in all cafes, draw off the electrical 
“ fluid iilently within the diftance at which rounded 
“ ends will explode; or, at leaft, that the former fort will 
“ in no cafe receive an cxplofion at a greater diftance 
t( than the latter.” I think it neceffary to obferve, that, 
though I diffent from this doctrine, I do not mean to 
affert the contrary univerfal proposition, but only to deny 
the univerfality of that afferted by Dr. franklin^ which 
Vol. LXVIII. 5® I appre- 
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I apprehend to be fometimes true, and fometimes alio 
falfe. 

But before I attempt to fpccify the particular cafes in 
which the fharp and the blunt terminations are respec¬ 
tively more liable to electrical explofions, it may be of life 
to drew (what many gentlemen feem not to be thoroughly 
aware of) that fliarp points having the moft perfect 
communication with the earth, arc not wholly exempt 
from receiving them. My fir ft authority fliali be Dr. 
franklin himfelf. a Let a perlbn,” fays he, p. 60. 
“ Handing on the floor, prefent the point of a needle at 
“ twelve or more inches from it [the prime conductor], 
<c and while the needle is fo prefented, the conductor 
“ cannot be charged, the point drawing off the fire as 
“ faft as it is thrown on by the electrical globe. ’ Let it 
“ be charged, and then prefent the point at the fame dif- 
“ tance, and it will fuddenly be difeharged.” The word 
Suddenly means, I fuppofe, that it will receive an explo- 
fion; that being the moft natural and obvious proof of 
the fuddennefs of the difeharge. The fame thing is more 
direCtly afferted by Mr. henly, in vol. lxiv. of the Phil. 
Tranf. p. 138. where he informs us, that in difdiarging 
three of his large jars, to the coating of which he had 
connected a wire nicely tapered to a point, the fire flew 
to the point, and the jars were difeharged with a full and 

loud 
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loud explofion. A third, and equally decifive, proof is 
fumifhed by Mr. nairne’s own experiments, though 
fecmingly made with a contrary view. For when the 
double or interrupted conductor was tiled, and the fecond 
conductor fixed down by ferews at about three inches 
diftance from the firft, the point prefented to the con¬ 
trary end of the fecond condudtor was found to receive 
a ftrong and loud explofion, with a white light at the dif¬ 
tance of at leaf: three inches. 

If we compare this experiment with another, very 
common one, exhibited at the fame time by Mr. nairn e, 
the companion will, perhaps, lead ns to the difeevery of 
a principle upon which electrical cxplofions very fre¬ 
quently depend. Though the point, in the circumftanees 
above deferibed, received fo ftrong an explofion, yet 
when it was prefented diredtly to the prime conductor, it 
received no explofion whatever at .any diftance, unlcfs a 
fuccoflion of weak fparks, at the diftance of about a 
quarter of an inch,.can be called fo. To what mult tins 
difference be attributed?' Plainly to the different quantity 
of electric fluid accumulated on the prime conductor in 
the one and the other cafe. Where the point is prefented 
to the prime conductor, from the time the machine be¬ 
gins to work, the property which is attributed to them, 
and which, in fome cafes, they really poffefs, of dealing 

5 G a . , . away 
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away the electricity filently; this property, I fay, ope¬ 
rating from the very beginning, prevents the electric 
fluid from being accumulated in the prime conductor, 
and of courfe the quantity of it will always be fmall. But 
when a double or interrupted conductor is ufed, the fe- 
cond conductor receives no electricity till the prime con¬ 
ductor is pretty highly charged, and, if put at the greatclt 
ftriking diftance, not till it is fully charged, anti confe- 
quently the fharp point prefented to the oppoiite end can 
carry away none of it till that time; when the whole quan¬ 
tity is thrown off at once. It fhould feem then, that the ex- 
plofion in one cafe, and the non-explofion in the other, de¬ 
pended wholly upon the different quantities to be thrown 
off: whence it will follow, that though a fmall quantity 
of electricity will pafs off filently upon a point, yet that 
this power is very limited; for that if a fomewhat greater 
quantity be applied fuddenly to a fharp point, it will not 
pafs off filently, but create an explofion in proportion to 
its denfity. 

The faCts above related are a fufficient anfwer to that 
other experiment of Mr. najrne’s, in which he exhi¬ 
bited a fharp point, that when perfectly communicating 
with the earth drew off the electricity filently from the 
prime conductor; but received explofions freely, when 
the communication was broken by interpofing little 
ifthmufes of fealing wax. This experiment, it is true, 

demon- 
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demonftrates that a broken communication will occafion 
the iharp point to receive an explofion; and fo far it muff 
be owned to be conclufive. But if it was intended to fug- 
geif, that whenever fharp points do receive an explofion, 
it is owing to this circumftance, and, confequently, that 
Mr. Wilson’s experiments at the Pantheon were unfairly 
made; in this view, it has no weight, becaufe we have 
already feen that an interrupted communication is not 
the only circumftance that will produce an explofion, for 
that increafing the quantity of electricity will have the 
fame effedt. 

I cannot omit the opportunity here offered me, of re¬ 
marking the unfairnefs of the infinuations that have 
been thrown out to the prejudice of Mr. wilson. Had 
there been any juggle in making his experiments, it. 
would certainly have been detected by the committee 
appointed to examine them. And in cafe of fuch a de¬ 
tection, it was the duty of the committee to lay open the 
impofture both to the Society and the Public. Inftead of 
which, inftead of difputing or even doubting the fair- 
nefs of them, they have in a manner admitted it, by only 
faying in their report, that they appear to be inconclu- 
five. This, I fay, is admitting the fadts to be fairly 
ftated: unlefs we could fuppofe their regard for Mr. yrihr 
son, and tendernefs for his reputation, had induced 
4 them, 
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them, after detecting the fallacy of his experiments, to 
pafs it over in filence; of which improper partiality I do 
not know that they arc fo much as fufpeftcxb Wliat 
therefore the committee, after a Itriff ferutiny of the 
matter, did not think themfelvcs warranted to lav, I take 
for granted they would not inlinuate; and that therefore 
inch itilinuations can only ariie from the levity of more 
obfeure perfons, puzzled perhaps by the feeming con¬ 
tradiction between Mr. Wilson’s experiments and thole 
pf Mr. NA1RNE, and too impatient to inveftigate the real 
caufes of that difference. 

I am perfuaded, however, that the known property of 
lharp points to carry off electricity lilently, when the 
quantity is linall, together with that other principle, 
which I apprehend I have here eftablilhed, that they 
ceafe to do fo when the quantity is large; that thefe two 
(taken together) will clear up the whole difficulty, and 
account for Mr. nairne’s experiments, without any im¬ 
peachment to thofe of Mr. wilson. I have already had 
occalion, in the courfe of this argument, to confider two 
of thofe experiments, of which therefore I fliall fay no 
more; but proceed, without further digreffion, to exa¬ 
mine thole that remain. y ... 

The firffc I fhall mention is that, in which the prime 
conductor, being previoufly charged with, eleiiricity, a 

ffiarp 
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fharp point is preiented to it within the attracting, and 
without the exploding diftance, and then brought llowly 


on towards it. In this cafe no explofion follows 
is there any realon to expect it ihould, hecaufe t 
tity of electricity is gradually diminifhed by the 


; neither 
'he fjiian- 
approach 


of the point, fo that when it comes within the itrikiiw 


diftance there is not enough left to make an cxplofiom 
It is equally eafy to explain what happens when a 
tranfvcrfe arm is hung fo as to ofeiilate freely upon the 
prime conductor, and two equal cylinders of tin-foil are 
fufpended, one at each end of this arm ill perfeCl: cqui- 
librio with each other. The apparatus being in this ihite, 
if the machine be worked, the two.cylinders will remain 
ilationury, neither of them afeending or defeending. They 
will alio remain ftatlonary, if a point be preiented to one, 
and a rounded end to the other. In the flrft cafe they are 
electrified, but remain raotionlcfs, hecaufe there is no con¬ 
ducting body within the fphere of their action. In the 
fecund, the rcfult is the fame; hecaufe, making in fact 
part of the prime conductor, the point preiented to one 
of them prevents any accumulation of electricity. When 
the point is withdrawn, and the rounded end buffered to 
remain, an accumulation takes place, hecaufe there is 
nothing now to ftcal it away; and the confequence. % 
that the cylinder defeends towards the rounded ;eng^h*l 


■explodes' 
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explodes as foon as that accumulation arrives at a certain 
period. 

Thirdly, when an intermediate conductor is \ifed, ter¬ 
minated at each end with a ball, and the middle of it 
retting in equilibrio upon a pivot, on which it has a free 
ofcillation upwards and downwards; if in this ftntc a 
point is placed under the end nioft diftant from the prime 
condudtor, the machine being then worked, the other 
end will approach fo near the prime conductor, as that 
the ftream of eledtricity will flow freely into it, as fait as 
it is produced by the action of the wheel. In this cafe 
there will be no explolion; and the reafon is obvious, 
becaufe the fecond condudtor, when it approaches fo 
near the firft as to form an uninterrupted channel for 
the eledtric ftream, becomes virtually a part of the firft* 
Hence the point operates upon both together, juft as it 
does when prefented diredtly to the prime condudtor, 
that is, it fteals away the eledtricity by little and little, 
leaving not. enough to give an explolion. When inftead 
of the point a polifhed ball is placed under the fame end 
as before, this being lefs difpofed to receive the eledtric 
fluid, conveys away none of it; fo that accumulating to 
a certain degree upon the prime condudtor, it explodes 
upon the contiguous end of the fecond, which, having a 
free ofcillation, flies up with the ftroke, and carries the 

oppofite 
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oppofite end towards the ball, where, being faturated, it 
gives a fnap; the recoil of which fnap throws that end 
up, and the contrary end back towards the conductor, and 
fo on alternately, as long as the machine continues 
working. 

The event, however, is widely different when the fe- 
cond conductor, itiftead of having a free ofcillation, is 
ferewed down in one place, and at fuch a diftance from 
the prime condu£tor, as not to receive the eledtric fluid 
till confiderably accumulated. For then the iharp point, 
previoufiy oppofed to its other end, difeharges it, as was 
before obferved, not in a continued ftream and filently, 
but at intervals, and with a ftrong explofion. 

The laft of Mr. nairne’s experiments, and the only 
one yet unconfidered, is that of the Iharp point, which, 
being fixed to a kind of inverted pendulum, ofcillated 
with great velocity under the prime conductor, without 
receiving any explofion. Now from this experiment 1 
do not comprehend how apy general conclufion can pof- 
fibly be drawn. It has been already fhewn, from the ac¬ 
knowledgement of Dr. franklin, and the experiments- 
of Mr. hf.nly and Mr. nairnr, that electricity, accumu¬ 
lated to a certain degree, will explode upon a point. If, 
therefore, in any particular inftance it does not explode, 
what can we infer from it, but that the accumulation in 

Mol. LXVIIL S H every 
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every fuch inftance was not fufficiently great; which 
may happen either from the fmallnefs of the apparatus,, 
or from want of care in making the experiment. 

And now if we look back upon Mr. Nairne’s experi¬ 
ments (which, by the by, have not all of them the merit 
of novelty) we fhall find them to be nothing more than 
different exemplifications of this well-known principle, 
that fharp points giving lefs refinance to the ingrefs of 
the eleCtric fluid will draw it off at a greater diftance 
than blunt or fpherical terminations, and where the 
quantity is fmall will draw it off filently. This, I fay, is 
* the whole amount of his experiments; the only one of 
them in which the electric fluid had time to accumulate, 
being attended with a different event from the reft, and 
producing, as might reafonably be expedited, a ltrong 
explofion. 

It is not, however, this fingle property of fharp- 
pointed conductors, which muff decide the qneftion. We 
have already feen, that there are two properties infepara- 

ble from them, both of which muff be taken into the ac~ 

* 

count, before we can determine the propriety of affixing 
them to buildings, particularly powder magazines, as 
prefervatives from lightning: firft, their greater propen¬ 
sity to admit the eleCtric fluid, in confequence of which 
they a& upon electrified bodies at a greater diftance than 

rounded 
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founded ends will; and, fecondly, their incapacity to 
draw away more than a certain quantity of electricity 
without an explofion. 

The firft quality enables them, when electricity is ac¬ 
cumulated gradually, or when they are brought gra¬ 
dually towards the electrified body, to Iteal away the 
fluid by little and little, till there is not enough left to 
give an explolion. And hence, in, common experiments, 
the point, placed at a greater diftance than the ball, will 
prevent the electricity from exploding, as it otherwife 
Would do, upon the latter. But if we combine this qua¬ 
lity with the fecond, the fuperior, propenfity to admit, 
with the incapacity in certain circumftances of difcharg- 
ing fllently, it will be evident, a priori , that the pheno¬ 
mena muft in fuch cafes be reverfed, juft as they appear 
to be in Mr. Wilson’s experiments; that the point muft 
ftrike at a greater diftance, and the rounded end at a 
leffer. 

What puts tills matter beyond a doubt is, that when 
the double or interrupted conductor is tiled, the experi¬ 
ment may be fo managed, as that the ball fhall receive 
an explofion at a greater diftance than the point, or the 
point at a greater diftance than the ball, at the pleafure 
of the operator. If care be taken,;at the^heginnih^pf 
the experiment, to fet the fecond conductor at the greateft 

, *. 5 H a diftance 
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diftance from the firft, compatible with its giving a full 
and fmart explofion, the point in that cafe will receive 
the explofion at a much greater diftance than the ball. I 
was myfelf once prcfent at an experiment, when the dif¬ 
ference was as 6 to r, that is, the ball would receive no 
explofion at a greater diftance than ftlis of an inch, when 
the point received it at fix times that diftance. On the con¬ 
trary, if the fecond conductor be put confiderably within 
the diftance above deferibed, the ball will receive an ex- 
plofion much farther off than the point. Upon repeat¬ 
ing both thefe experiments lately with a fraall machine, 
I found the refill t to be as follows.- When the diftance 
between the firft and fecond conductor was i-|th of an- 
inch, the point was {truck at a ~th of an inch; but a ball 
of i|ths of an inch in diameter would not take the ftroke 

Q 

at more than one inch. But when the diftance between 
the conductors* was only |ths of an inch, the point, could 
not be ftruck at more than |ths, whereas a ball of the 
fame diameter as before was ftruck at 7 inches and and 
a lefter ball T \ths of an inch in diameter at 6 inches and 
T^ks. I have been told alfo, but have not yet had time 
to verify it, that a medium diftance may be found, at 
which if the fecond conductor be fet, the point and ball 
prefented to the other end will be exactly upon a par, 
with reipea to the exploding diftance, 

Tbefe 
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Thefe phenomena, to perfons who have not carefully 
confidered them, muft appear fo extraordinary, that tin— 
lefs the caufe of the diverfity is explained, they will per¬ 
haps be led to fu fpect fome unfairnefs in making the ex- • 
perimenL The truth, however, is this;' that when the 
two conductors are fet at the greater of the two distances,- 
the abfolute quantity of electricity collected before the* 
explofion is exactly the fame in each experiment; and' 
therefore the diftances of the ball and point from the 
fecond conductor being equal, and the greateft. at which - 
either of them will be ftruck, the explofion will.go to- 
the point, as being more fufceptible, and giving, lefs re- • 
fiftance than the ball. But in the fecond fuppofed oafe, 
when. the. fecond conductor is fet confiderably within the • 
former diftance, the quantity of electricity, which ex¬ 
plodes upon the point.and the ball is not the fame; the- 
point, in this cafe exerting its known property of ftealing 
away the. electricity filently, which the ball from its 
greater refinance is incapable of. doing. The confe- 
quence is, that the quantity accumulated to give an ex— 
plofion upon the ball is greater than that which ex¬ 
plodes upon the point, and being greater will very natu¬ 
rally explode to a greater diftance.. 

I, might fafely have refted the matter upon this-; 
ground; but another proof, equally decifive, having fince. 

I occqrredy.. 
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occurred, it is but doing juftice to my. argument to infert 
it here. In the experiments made with a view to fettle 
this depute, and publiihed by Mr. henly about four 
years ago, there is one, the fifth of that let, which it is 
• difficult to reconcile with the do-ftrine here laid down, 
that electricity ftrongly accumulated, and moving with 
great velocity, will explode upon a ffiarp point rather 
.than a ball. 

He defcribes it thus: “ Having infulated the jar, and 
* <{ connected by chains with the external coating, on one 
* t£ fide a knob, and on the other tide a {harp-pointed wire, 
,u both being infulated and handing five inches from 
" a each other, I placed a large copper ball, eight inches 
u in diameter (infulated alfo) fo as to hand exactly at 
“ half an inch diftance both from the knob and the 
“ point. The jar being fully charged, I delivered it upon 
u the copper- ball by my difcharging rod, whence it 
“ leaped to the knob, which was three quarters of an 
a inch in diameter, and the jar was difeharged by a loud 
‘ u and full explofion, and the chain was very luminous.” 
Phil. Tranf. vol. lxiv. p» 136. 

It muft be obvious to any careful electrician, and Mr, 
Wilson had in his anfwer obferved, that an experiment 
>thus loofely and unphilofophically made, was not greatly 
toffie relied upon; becaufe two chains being made ufe of, 
4 one 
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one to conned the ball, and another to conned; the fharp 
point with the coating of the phial, a different number 
of links, or different degree of tightnefs in the two > 
chains, would produce a difference in the refult: for it 
bing a known property of eledricity to pafs mod; readily 
where it has the feweft and the fmalleft intervals to leap 
over, the explofion would naturally pafs that way, where 
the.links were drawn tighteft; or if both chains were left 
loofe, as from the plate they appear to have been, then 
where they were feweft in number, inftead of being de¬ 
termined by the circumftances of bluntnefs and fharp- 
nefs. 

It was however pofFible, that Mr. hen ly might be 
right in attributing it to the fharpnefs of the point; and 
therefore, in order to fettle this doubt, I defined that the ■ 
experiment might be tried over again, in fomewhat dif¬ 
ferent circumftances. Mr. cavallo accordingly tried it 
in the following manner. Upon an infulated ftand he 
placed a hall, about —ths of an inch in diameter, and a 
fharp point, diredly oppofite to the place where a Ley¬ 
den phial, when charged, was to be fet down. Both of 
thefe, the ball and point, were conneded to his difeharg- • 
ing rod by copper wire. He then took the phial, which ■ 
held about a quart, and having charged it? fet it down; 
before the ball and point, took his difeharging rod,and„ 

completed'; 
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v completed the circuit. After the explofion the diftances 
.were meafured. In the experiments which I faw the 
■phenomena were as follows: in the firft, the diftance of 
■ the ball was of an inch, that of the point ||; in 
:the fecond, diftance of the ball At, of the point in 
ithe third, diftance of the ball of the point in the 
.■fourth, diftance of the ball of the point In all 
■thefe experiments the point, though confiderably farther 
■off from the coating of the phial, was ftruck in pre¬ 
ference to .the ball. In a fifth experiment, when the 
point flood at double the diftance, the ball was ftruck, 
■and not the point. 

The refult of thefe experiments being fo widely dif¬ 
ferent from .the refult of that made by Mr. henly, is a 
clear proof that he formed his conclufions too liaftily, 
having attributed to fliarpnefs and bluntnefs a pheno¬ 
menon caufed by the unequal refiftances of the chains. 
As this experiment may be made with almoft any ma¬ 
chine, thofe who do not chtife to repeat it will have no 
right to plead the want of a fufficient apparatus, and 
mu ft look ant for feme .other reafon to evade the force 
of it, 

I come now to confider more particularly the pra&ical 
queftion, whether the fharp-pointed or the blunt con- 
Muffors are moft proper to be affixed to buildings, as 

prefervatives 
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prefervatives from lightning. And here it is necefiary to 
obferve, that buildings may be expofed to a ftroke of 
lightning in feveral different ways. The lightning 
which, to avoid prolixity, I fhall only fpeak of as pofitive 
electricity: the lightning, I fay, may accumulate direCtly 
over the building; or it may be brought towards the 
building by a fmall cloud fetching it in feveral fucceffive 
trips from a large cloud at fome diftance; or a large elec¬ 
trified cloud may be carried rapidly towards it by the 
wind: a circumftance this by no means rare, there being 
no lefs than four inftances of it upon record in the Phil. 
Tranf. vol. xlix. p. 16. and p. 309. vol. lxi. p. 72. 
and vol. lxiv. p. 351- In the firft of thefe fuppofed 
cafes a fharp-pointed conductor might poflibly drain the 
cloud of its lightning as faft as it began to accumulate, 
and thereby prevent any explofion whatever. In the 
fecond, as the cloud, by fuppolition,. not being driven in 
one direction by the wind, could not move with any re¬ 
markable velocity, it is reafonable to imagine, that in 
this cafe alfo there might be no explofion; and that the 
electricity of the larger cloud might be. gradually ex- 
haufted. But if, according to the third fuppofition, a 
cloud of great extent and highly electrified fhoukl be 
driven with great velocity in fuch a direction, fo as to 
pafs direCtly over the fharp-pointed conductor, there can 
Vol* JLXV 1 II. $..I be 
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be no doubt but that fncha point, from its fuperior rea- 
. dinefs to admit electricity, would take the explofion at a 
much greater diftance than a rounded end, and in pro¬ 
portion to the difference of that linking diftance would 
do mifehief inftead of good. 

But perhaps it will be faid, that every ftroke of light¬ 
ning falling upon a fliarp point is previoufly diminifhed 
by that point, anjJ, therefore may more eafily be trans¬ 
mitted through the conductor, than when it falls undi- 
minifhed upon a rounded end. Upon this fuppofition I 
mu ft obferve, that it not only contradicts Mr. Wilson’s 
experiments at the Pantheon, hut alfo Mr. HENLY’s expo 
meat already referred to in this paper, where the fire 
flew to a very taper point, and melted the end with a 
ftrong and loud explofion. So alfo the Sharp-pointed 
conductors affixed in America to the houfes of Mr. west, 
Mr. raven, and Mr. mayne, do not feem to have dimi¬ 
nished the force of the explofion, if we may judge from 
the violence of its effects as related at large in Dr. 
franklin’s works. It fhould feem, therefore, that the 
power of diminishing a ftroke, like that of preventing 
it, is only contingent, and depends, as we Said before, 
upon the degree of velocity with which the lightning 
‘moves. . 
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The fam of the whole is, that conductors, terminated' 
By fharp points,, are fometimes advantageous, and at 
other times prejudicial. Now as the purpofe for which 
conductors are fixed upon buildings is, not to protect 
them from one particular fort of clouds only, but, if pof- 
fible, from all, it cannot furely be advifeable to ufe that 
kind of conductors, wdiich if they diminifh danger on 
Qne hand, will increafe it 013 the other. It is the duty of 
a pilot to keep out of the way of rocks; but' it is alfo in¬ 
cumbent upon him, in avoiding the rock, not to take fo 
large a.compafs as to run his fhip upon a quickfand. 

When I fay that iharp-pointed conductors may in- 
fome cafes diminifh clanger, I fpeak of them, perhaps,, 
rather too favourably:: for their power of Healing away 
the eleCtric fluid being confined to cafes where the accu¬ 
mulation is fmall, it follows, that they only operate where - 
their operation is not wanted.. The cafes againft which 
we wifli principally to provide,, are the explofions, of ex- 
tenfive and highly electrified clouds;, and here we have 
fcen,.that blunted ends, as aCting to a much fmaller dif- 
tance, wte entitled to rhe preference. 

If it be admitted,,that fharp-pointcd conductors are 
attended with any, the flighted: degree of danger, how 
much muft that danger be augmented by carrying them ; 

■ . ' $ l,i.. q , high. 
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high up into the air, by fixing them upon every angle of 
a building, and making them project in every direction ? 
Ought this to be advifed while there is ftill a doubt of 
the poflibility of their doing mifchief? And can the 
committee, therefore, be perfectly juttified for giving 
fuch a decided preference to the ufe of lharp conductors, 
in defiance of numerous experiments, not one of which 
they have attempted to controvert ? 

I have now done with the report of the committee, 
and fhali next proceed to enquire whether, as fome gen¬ 
tlemen apprehend, the termination of conductors is a 
matter of indifference: but this I muff referve for the 
fubjedt of a future paper. 


APPENDIX. 

I think it neceffary to apprize the reader, that the 
foregoing remarks were drawn up before Mr. nairne’s 
paper appeared, and are therefore to be confidered as re¬ 
lating only to his experiments. 


6 
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I muff at the fame time obferve, that, in ftating the 
different circumftances in which lightning may be col¬ 
lected fo as to affed a building, I have fuppofed a cafe 
which poffibly may never exift. I have faid, that lightning 
may accumulate diredly over a building, and admitted, 
that in that cafe the cloud might be drained of it by a 
pointed conductor. Now we have no evidence, that the 
accumulation of lightning is confined to a fingle cloud, 
or fmall circumfcribed fpot in the heavens. On the con¬ 
trary, the numerous explofions, which in moft thunder 
ftorms happen nearly at one and the fame inftant, rather 
lead us to imagine that a great part of the horizon is at 
thofe times full of lightning, and therefore incapable of 
being drained. I would therefore wifh to have my fup- 
pofition underftood as a mere imaginary fuppofition, for 
the fake of rendering the argument more perfpicuous, 
and not as the admiflion of a real fad. 

Laftly, I beg leave to corred: an expreffion I have ufed 
with refped; to pointed conductors, that they only ope¬ 
rate where their operation is not wanted. Now this is 
not accurately true: for if by operating upon a quantity 
of ele&ricity too fmall in itfelf to do mifchief, they pre¬ 
vent its growing to a great and dangerous quantity, this 
would, as far as it goes, be a very confiderable advantage. 

I ought 
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X ought therefore to have faid only,, that pointed con¬ 
ductors afford no prote&ion where the danger is great 
and. imminent, and only obviate that which is diftant and 
problematical;.and that thefe laft are not the cafes againft: 
which we principally with to provide. 


March 18, 1779. 




XXXVII. Experiments on Electricity, being an Attempt W 
Jdew the Advantage of elevated pointed Conductors, By 
Mr. Edward Nairne, F. R. S. 

N. B. This paper Is mifplaced through a miftahe of the Secretary’s ; it fhould 
have been inferred before Dr. MUbORAvE’s, 

Read J utic 18 and 2 5> A DIFFERENCE of opinion pre- 
f vailed feme time ago and lias of 
late been, revived, in regard to the termination of com 
diiftors for the prefervation of buildings from the effects 
•of lightning. 

Some gentlemen think that they fhould not termi¬ 
nate in a point, but be blunted; and alfo that they 
fhould not exceed the higlieft part of the buildings'^; 
they like wife think, that to prevent lightning from 
doing mifehief to great works, high buildings, and 
large magazines, the feveral buildings fhould remain 
as they are at top, that is, without having any metal 
above them, either pointed or not, by way of a com 
du£tor; but that on the in fide of the higlieft part 
of fuch a building, and within a foot or two of the 
top, it may be proper to fix a rounded bar of me* 

(a) Mr. Wilson’s new Experiments on the Nature and Ufe of Conduct 
tors, p. 7. 
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tal, and thence continue it down along the fide of the 

wall to any kind of moifture in the ground 

Others again are of a direCtly contrary opinion; 
thinking a conductor fhould not only terminate in a 
point, but be confiderably elevated above the liigheft 
part of the building^. 

As it molt certainly would be of great confequence to 
mankind to know which is the moil eligible of thefe 
opinions, I have attempted, by what I could learn from 
the artificial lightning of our electrical machines, to de¬ 
termine which method is belt to fecure buildings from the 
effeCts of lightning : whether I have fucceeded I leave to 
the judgement of others to decide from the following 
experiments and obfervations, which are fubmitted with 
all due deference. 

In pi. xm. fig. t. is a reprefentation of the elec¬ 
trical machine and the apparatus ufed in the following 
experiments. The diameter of the glafs cylinder a, fig. 
I. was eighteen inches; the length of the conductor b, 
which was of wood covered with tin-foil, was fix feet, 
and the diameter of it one foot. At the end of this con¬ 
ductor was ferewed a brafs ball c, of four inches and a 
half diameter. This conductor, when charged by the 

(b) Mr. Wilson’s Letter to the Marquis of Rockingham, Phil. Tranf. 
Yol. LIV. p. 247 • 

(c) Ibid, p, 203. 

glafs 



Advantage of elevated pointed ConduBors. 8 2 3 
glafs cylinder, being intended to reprefent a cloud 
charged with electricity or matter of lightning will, for 
diftindtion fake, be called the artificial cloud , in the fol¬ 
lowing experiments, d reprefents a brafs rod on a hand 
covered with tin-foil, having a good metallic communica¬ 
tion with the earth; at one end of this rod were fcrewed 
other rods, terminating with different fixed balls, or a 
rod terminating with a point. This rod d was moveable 
in a focket, in order that it might be placed with its ter- 
raination at different diftances from the ball c at the end 
of the artificial cloud As the terminations on this rod 
were to receive from our artificial.cloud the ftroke or 
fparks of our artificial lightning, it will be called the re¬ 
ceiving rod in the following experiment. The receiving- 
rod with its ftand was intended to reprefent a conductor 
to a houfe, on which different terminations might be 
placed* 

Before I relate the experiments it may be proper firft 
to premife, that ele&ric fire, drawn off gradually from 
an eledtric cloud, was never known to do any mifchief, 
if the fubftanee drawing it off had a good metallic com¬ 
munication with the moift earth; and that when any 
damage is done, it is occafioned by a ftroke of lightning, 
or in other words the eledtric fire of the charged cloud 
fuddenly difcharged through that body. 

Yol* LXYIIL 5 k; hpe* 



Si6 Mr. nairne’s Experiments toJhew the 

EXPERIMENT I, 

I fcrewed a brafs ball, of four inches diameter, at the 
end of the rod d, then placed it nearly in contact with 
the ball c, at the end of the artificial cloud: on charging 
the artificial cloud, the elebtric fire ftruck from the ball 
c to the ball at the end of the rod, and continued finking 
all the while it was gradually removing to the diftance of 
feventeen inches and four tenths,, and fometimes on. to 
nineteen inches: I have had ftrokes twenty inches in. 
length, but it has been very rare.. 

EXPERIMENT II. 

The apparatus remaining as in the laft experiment, I 
changed the ball of four inches diameter on the rod r? ? 
and in its place fcrewed a ball of one inch diameter, then 
I placed this very near to the ball c as before: on charg¬ 
ing the artificial cloud, the electric fire now ftruck to the 
ball attlie end of the rod d of one inch diameter, and 
continued ftriking whilft it was gradually removing to the 
diftance of about two inches. It then gave over ftriking, 
and was fucceeded by a hiding noife and a continued 
light on the one inch hall, -whilft it was removing very 
gradually from the ball c, until the diftance between tire 

^ two 



Advantage of elevated pointed Gonduthrs. 82,7 
two balls was about ten inches; the biffing noife then 
ceafed, -and the light difappeared on the inch ball. It 
now began to ftrike again, and continued .{hiking to the 
inch ball all the time it was very'gradually removed, till 
the diftance was about fourteen inches eight tenths; and 
fometimes would continue to ftrike to fixteen inches and 
three tenths. 

This linking to the ball ceafing, and then beginning 
again, when the artificial cloud is ftrongly charged, is a 
fact which I believe has not been taken notice of by any 
one before; I fliall have occafion to fpeak of it again in 
fome of the following experiments. 

EXP "E R I M E N T III. 

The apparatus remaining as in the laft experiment, X 
■changed the ball of one inch diameter, and in its place 
ferewed one of three tenths of an inch diameter. This 
fmall ball was alfo placed nearly in contact with the 
ball c: on charging the artificial cloud, the eledtric fire 
ftruck to this ball of three tenths, and continued ftriking 
to it whilftit was very gradually removed to .the diftance 
of.half an inch; beyond that, it would not ftrike to it. 
But the ball was luminous all the while it was removed 
beyond the ftriking diftance as far as thirty-three inches. 

5 K a ' TSPE- 
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EXPERIMENT IV. 

The apparatus remaining as in the laft experiment, 
I only changed the ball of three tenths, and in its place 
fcrewed a wire about three inches and a half long, ter¬ 
minating in a point: on charging the artificial cloud, I 
could not now get the electric fire to ftrike the point, 
though the point was almoft in contact with the ball c; 
but when it was about half a tenth of an inch diftant 
■from it, then the electric fire ran in a very fmall ftream 
- to the point; but beyond that diftance, though moved 
very gradually, it was only luminous, and continued fo at 
the point all the while it was gradually removing to the 
diftance of fix feet from the ball c, at the end of the arti¬ 
ficial cloud. 


EXPERIMENT V. 

The apparatus remaining as in the laft experiment, I 
changed the wire, and in its place fcrewed the ball of 
four inches diameter, ufed in the firft experiment, hav¬ 
ing now a fmall hole through it. I then put into this 
hole a wire, leaving the end, which terminated in a fine 
point, projecting out only one tenth of an inch beyond 
the furface of the ball, and diredly pointing to the ball c: 
4 


on 
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on charging the artificial cloud, the ball with the point 
being firft placed nearly in contact with the ball c, it was 
then gradually removed; but not at any diftance would 
it ftrike to the ball, or the point projecting out of it. The 
point was luminous at the diftance of thirty inches. 

E X P E R I M E N T VI. 

Every thing remained the fame as in the laft experi¬ 
ment, except only that I now preffed in the point,, till it: 
was even with the furface of the four inch ball: on 
charging the artificial cloud, the electric fire did now 
ftrike to the ball at any diftance,. from, being nearly in 
contaCt, all the while it was very gradually removed to 
as far as feventeen. inches and a quarter, though before 
in the laft experiment,, where the point projected from, 
the ball only one tenth of an inch, it would not ftrike at 
any diftance.. 


EXPERIMENT VII. 

The apparatus remaining as in the laft experiment, I: 
took a ball of three inches and a half in diameter, which 1 
had a.final! hole through it, and ferewed it to a hollow 
brafs item. Then I put into this hole one end of a wire,,, 
and the other end, which was pointed, projeCted one inch; 

beyoncil 
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beyond the furface of the three inch and half ball. This 
ball and Item, with the pointed wire to it, 1 fixed to a 
ftand covered with tin-foil; having a good metallic com¬ 
munication with .the earth, I placed this ftand fo that the 
point was dire&lyoppofite to the fide of the artificial cloud, 
and exactly at five feet diftance from it: then, on charg¬ 
ing the artificial cloud, the greateft finking diftance from 
the ball c to the ball of four inches diameter, on the re¬ 
ceiving rod d, was found to be fixteen inches and feven 
tenths. 


"EXPERIMENT VIII. 

Every thing continued as in the laft experiment, only 
now I drew the wire out of the ball and ftem fo far that 
the point projected nine inches beyond it: on charging 
fhe artificial cloud, the greateft finking diftance now was 
found to be but fix inches and eight tenths. 

Now, in order to fee how far a point, or different fized 
balls fixed on the ftand, and having a very final 1 repara¬ 
tion in the metallic communication with the earth, 
would vilibly a£t to carry off the eledtric fire of the arti¬ 
ficial cloud, I made the following experiment. 


E x p e- 
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EXPERIMENT IX. 

I took a flick of common fealing-wax, and having 
fixed a fcrew to each end, I palled a flip of tin-foil the 
whole length of the furface, and having made a repara¬ 
tion of the foil of about one fiftieth of an inch, I fcrewed 
the pointed wire into one end, and the other end of the 
wax to the brafs rod, where the ball with the point pro¬ 
jecting from it was placed in the lall experiment. I alfo 
removed the other Hand with the ball, to which the ar¬ 
tificial cloud likewife ilruck in the fame experiment; 
the artificial cloud, was then charged, and the Hand being 
placed in fuch a manner that the point was direCtly op- 
polite. to the fide of the artificial cloud; it. was then re¬ 
moved till I found the. difiance at which the light be¬ 
tween, .the reparation of the thirfoil no longer became 
vifible. This diftance of the point on the wax was above 
feven feet, how much farther it might have been lumi¬ 
nous 1 had no opportunity of trying, this diftance being 
the fartheft I could remove it in my room, and under 
the dlfadvantage of having the end of the artificial; 
cloud within thirty-three inches of the edge of the wain- 
fcot. When a ball of three tenths of an inch was put im 
the place of the point, the light was vifible at the dif— 

■ ■ ' . tancee 
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tance 0 f four feet fix inches, but with a ball of three 
inches diameter only at two feet. 

EXPERIMENT X. 

I took another flick of fealing wax, one inch and 
three tenths diameter, and about ten inches long, and 
pafted on it round pieces of tin-foil of half an inch in 
diameter, at about half an inch diftance from each other. 
One end of this flick of wax was ferewed to the receiv¬ 
ing rod D, fig. a.; and into the other end was ferewed 
the pointed wire uled in the fourth expei iment. I then 
laid a piece of hrafs on this wax, fo as to connect all the 
reparations of the round pieces of tin-foil except two; 
then the point of this wire on the wax was placed nearly 
in contad with the ball. On charging the artificial cloud 
the eledric fire now flruck to the point, and continued 
to ftrike to it all the while it was gradually removed to 
the diftance of one inch and one tenth: beyond that 
diftance it would not ftrike, but the point continued lu¬ 
minous till it was removed to the diftance of tin ee feet* 

EXPERIMENT XI. 

The apparatus remaining as in the laft experiment, I 
only took away the piece of hrafs which laid on the wax 

' ' - to. 
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to connect the pieces of tin-foil together. The charged 
artificial cloud did not now ftrike to the point until it 
was removed from the ball c to the diftance of four 
inches and a half; it then began to ftrike to it, and con¬ 
tinued ftrikmg whilffc it was gradually removing fome- 
times to ten inches; but when the point was removed 
beyond the greateft ftriking diftance, the point was not 
luminous as in the laft experiment, except when the ar¬ 
tificial cloud difcharged its eleftric fire out into the air, in 
a diverging pencil from the ball c: then it was lumi¬ 
nous, but at that inftant only. Every time the artificial 
cloud ftruck to the point, the electric fire made a beauti¬ 
ful appearance in palling off between the reparations of 
the pieces of tin-foil. I then connected all the tin-foil 
on the wax fo as to leave no reparation, then the charged 
artificial cloud would not ftrike to the point at any 
diftance. 


EXPERIMENT XII. 

I placed the rod d, with the four-inch ball at the end 
as in the firft experiment, this I put on a glafs pillar to 
infulate it; then from the rod I made a communication 
to the earth, with about three feet of filver wire, which 
was only ^th part of an inch diameter: on charging 
Vol.LXVIII, 5 L the 
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the artificial cloud, it ftruck to the ball n, as in the firft 
experiment, viz. feventeeh inches four tenths. Now as 
the wire was fo fmall which conducted the ftroke, I 
thought I might be fenfible of its paflage if 1 held the 
wire between my fingers; I accordingly prelied my fin¬ 
gers together, with the wire between, but there was not 
the leaft fenfation; nor fhould 1 have known it had 
Rafted my fingers if I had not feen or heard the ftroke 
from the artificial cloud to the ball with which the wire 
was connected. 1 then tried if it was vifible in the dark, 
hut there w ; as not the leaft appearance of light, except 
where there happened to be keiiks in the wire. I was 
accidentally very fenfible of one of thofe fparks: for 
when I was trying the experiment in the dark, 1 hap¬ 
pened to get fo near as to receive the ftroke juft on my 
forehead; it made me reel till I fell againft the wall. It 
may be proper to obferve in this experiment, that if the 
fingers are held at a little diftance from the wire, that a 
fmall quantity of ele<£tric fire will ftrike out to them the 
fame as it does when conducted off by a larger quantity 
bf metal. 


b B S E K' 
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OBSERVATION I. 

From the three firft experiments it appears, that out 
artificial cloud fixik.es at diftances greater as the termina¬ 
tion of the conductor is more blunted, or as it terminates 
with the largefl ball; and that the ftriking diftao.ce is lefs 
-as the end of the conductor tends more to a point; and 
in the fourth experiment, that when the end of the con¬ 
ductor is pointed, the point is not ftruck at any diftance 
whatever; but continues luminous to a certain diftance, 
•carrying off filen-tly the electricity of our artificial cloud. 

It feems from thefe experiments, that pointed con¬ 
ductors are to be preferred before thofe terminating with 
a large ball, the pointed one depriving the cloud filently 
of its eleCtric fire; whereas the ball receives the eleCtric 
fire in a ftrong fpark. And in the fifth experiment, 
where a point projects but one tenth of an inch from a 
ball of four inches diameter, neither the ball, or point 
projecting from it, is ftruck at any diftance. This feems 
to ftiew the utility of a pointed rod, even if it projects 
but a fmall diftance above the higheft part of a building. 

The fixthexperiment fiiews, that a .point within the 
ifurface of a ball does not prevent the ball being ;ftruck. 
The feventh and eighth experiments dikewife fiaew,;that 

5 L a our 
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our artificial cloud ftrikes to a ball of four inches diame¬ 
ter, only at the diftance of fix inches and eight tenths, 
when the point is drawn out nine indies from the three 
inch and a half ball, placed oppofite to the fide of the 
artificial cloud; and that when the point projects only 
one inch, that then it ftrikes to the four inch ball at fixr 
teen inches and four tenths diftance. 

May one not from thefe two laft mentioned experi¬ 
ments conclude, that the more elevated our pointed con¬ 
ductors are, the greater is the chance of preferving our 
buildings from the effects of lightning ? 

For here our point being elevated or projecting nine 
inches out of the ball, reprefenting the higheft part of a 
building, was found continually depriving our artificial 
cloud of its ele£tric fire to fuch, a degree (though it was 
kept charging all the time) that it would not ftrike half 
the diftance that it did when the point was elevated only 
one inch. 

And from the ninth experiment we learn, that the 
conductor terminating in a point aCts at a far greater 
diftance than one terminating with a ball, in carrying off 
the electric fire, or matter of lightning from our artifi¬ 
cial cloud. It muft be further remarked, that though 
the point was luminous fo far, yet there was no diftance 
whatever at which our artificial cloud would ftrike to it. 

From 
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Fom the tenth and eleventh experiments we learn, 
that the metallic part of our conductor being feparated 
or difcontinued is the reafon that our artificial cloud does 
{trike to the point; and that it firikes further to the point 
as the number of the reparations are increafed; and that 
if the metallic communication with the moift earth be 
made compleat, that then our charged cloud will not 
{trike to the point. 

When a conductor to a building, terminating in a 
point, has been {truck, I am inclined to think, that there 
had not been a compleat and fufficient metallic commu¬ 
nication with moifi earth; and from all the accounts I 
have met with, this feems to have been the caufe of their 
having been {truck. From the twelfth experiment we 
learn, that a very fine wire will conduct a ftrong fpark. 

Fig. 3. reprefents a- moveable artificial cloud: itcon- 
fifts of a hollow tube of wood, with a ball at each end, 
being together about fix feet in length: from each end 
was fufpended a light hollow wooden cylinder EEj thefe 
with the balls and tube were covered with tin-foil: it 
was placed with its axis reffcing on two femi-circular hol¬ 
lows in a piece-of brafs fixed on a glafs pillar, by which 
it was infulated: it moved very eafily on its axis, andwas 
brought to a horizontal pofition by means of two move¬ 
able pieces ff. ■ 

. / ' . EXP E-~ 
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EXPERIMENT XIII. 

I firft put this moveable artificial cloud into an hori¬ 
zontal pofition, and placed it fo that the brafs on which 
the axis refted was in contact with the end of the artifi¬ 
cial cloud b. Then, under each of the hollow cylinders 
ee, I placed a ftand gg, having a good metallic com¬ 
munication with the earth. On one of the ftands there 
was put a pointed wire, the fame as was ufed in the 
fourth experiment; and on the other, a brafs ball of 
three inches diameter. I then placed the point and ball 
each twelve inches from the middle of the bottom of its 
correfpondent hollow cylinder: on charging the artificial 
cloud (which confequently charged the moveable artifi¬ 
cial cloud in contadt with it) the point was luminous, 
and the moveable artificial cloud ftill remained in an 
horizontal pofition, though there was now a point under 
one end and a ball under the other; and on ceafing to 
charge the two clouds, it was found diredtly after, that 
the point had drawn off almoft all the electric fire from 
.both. 


m w 
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EXPERIMENT XIV. 

The two clouds being charged, I took away the ftand 
with the three inch ball on it, the point remained lumi¬ 
nous, and the moveable artificial cloud ftill continued 

x 

horizontal, not being attracted to the point, though there 
ifras now only the ftand with the pointed wire under one 
end of it, the point having carried of the ele&ric fire as 
in the laft experiment. 

EXPERIMENT XV. 

The two clouds being again charged, I replaced the 
ftand with the ball on it; and now, inftead of taking away 
this ftand, as I did in the laft experiment, I took away 
the ftand with the pointed wire on it: the confequence 
was, that the end of the moveable artificial cloud was 
now attracted down to the ball till it came to its ftriking 
diftance, where it then difcharged its eledtricity on it in a 
ftrong fpark (fee fig. 4.). The moveable artificial cloud 
then receded a little till it was charged, it then was at¬ 
tracted by the ball as before, till it came to its ftriking 
diftance, when it again difcharged its ele&ricity at once, 
and fo continued ftriking and then receding to a little 
diftance as long as the two clouds were charged. 

5 , 'VjfXPE- 
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EXPERIMENT XVI. 

The moveable artificial cloud continuing to .{trike to 
the ball as in the laft experiment, I now replaced the 
{land with the pointed wire on it, then immediately the 
point became luminous, and the moveable artificial cloud 
ceafed ftriking to the ball, and foon returned to its hori¬ 
zontal pofition as at firft (fee fig. 3.). 

EXPERIMENT XVII. 

The apparatus remaining as in the laft experiment, 
and the two clouds continuing to be charged, I took 
away the ftand with the point; then the moveable arti¬ 
ficial cloud was attracted down to the ball, and {truck as 
before. I then placed the ftand with the point clofe to 
the ftand with the ball; on which the point became in- 
ftantly luminous, and immediately the moveable artifi¬ 
cial cloud gave over ftriking, foon returning from the 
ball and fettling nearly in an horizontal pofition. There 
the point carried off the electric fire as in the thirteenth 
and fourteenth experiments. 

OBSERVATION. 

From the thirteenth experiment, with the point under 
•one end of the moveable artificial cloud, and a three 
4 inch 
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■inch ball under the other end, it feems as if neither the 
ball or point at traced either end; or that they both, 
■equally attracted, or repelled each end, as in either cafe 
the moveable artificial cloud would remain horizontal. 

And in the fourteenth experiment, in order to try 
whether the point would attract or repel the moveable 
artificial cloud, the ball was taken away, and only the 
point was left under one end, as now all the adtion of the 
point either to attract or repel would be exerted on that 
end which was now over the point, and confequently 
that end fhould either be attracted down to it, or repelled 
from it : but from the experiment it appears, that the 
point drew off all the electricity filently, without either 
attracting or repelling the end of the moveable artificial 
cloud which was over it, as it continued horizontal all 
the time it was charged. 

The fifteenth experiment was made to fee if the ball 
would either attract or repel the moveable artificial 
cloud, as in this experiment the ball only was under one 
end, and every thing elfe exactly the fame as when the 
point only was under. But here we find the effect of 
the ball very different from that of the point; for inftead 
of drawing off the electricity filently*, as the point did, 
without attracting the end of the moveable artificial 
cloud; on the contrary, the moveable artificial cloud "was 
Vol. LXVIIL S M ' attraaed 
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attracted down towards the ball, till it, came within its; 
ftriking diftan.ee, where it diicharged its elc< 5 hic lire all 
at once on. the ball with a loud and ft rung fpark. 

And again, in the ftxteenth experiment, where the. 
ftand with the point is replaced at the other end, whilft 
the cloud is attracted down to the ball, it inftantlv pre~, 
vents its ftriking to the ball by carrying off the electric, 
fire as faft as the. moveable artificial cloud receives it. 
from the artificial one. 

And from the feventeenth, experiment .we learn, that, 
when the ftand with the point is placed clofe to the ftand. 
with the hall, whilft the moveable artificial cloud is-, 
ftriking to it,, the cloud even in this .cafe inftantly ceafes 
to ft like to the ball, returning from it and foon fettling, 
nearly in an horizontal pofition, 

' EXP E R I M K N'-T XVIII.- 

I took off the cylinders EE from the ends of the move- 
able artificial cloud (the height of my room not allowing 
them to be fufpended in the following.experiments); I 
then placed it, together with the glafs pillar whereby it. 
was infulated, upon another foot of fuch a height that 
v/hen the ball at one of the ends was three inches above 
the ball c at the end of the artificial cloud, then the 

moveahle 
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moveable artificial cloud was horizontal. I then placed 
the .ftand with the point on it'at the dittance of eighteen 
inches, and direCtly under the ball at the other end (fee 
fig. 5.): on charging the artificial cloud, the point was 
luminous; and that end of the moveable artificial cloud 
which was three inches above the ball c was attracted 
down to it, then receded from it about one inch, and 
then the artificial cloud kept conftantly ftriking to it, as 
long as it continued to be charged. On ceafing to charge 
the artificial cloud, it was found immediately after, that 
the point had carried off alrnoft all the eleCtric fire. 

EXPERIMENT XIX, 

Every thing remaining as in the laft experiment, and 
the artificial cloud being charged, I took away the hand 
■with the point, and placed in its ftead the ftand with the 
three inch ball on it, exactly at the fame diftance as 
the .point : then inllantly that end of the moveable arti¬ 
ficial cloud, which had continued To be attracted down 
near to the artificial cloud, was repelled from it, and at 
■the fame time the other end was attracted by the three 
inch ball till it came fo near as to difeharge its electricity 
on it in a firong fpark. The end of the moveable afti- 
licial cloud then receded from the three inch ball, 

• 5 M 2 ■ ' the 
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the other end being now attracted by the artificial cloud* 
which charged it almoft inftantly again; it then receded 
with rapidity from it, anti difeharged its eleChic fire on 
the ball as before, and thus continued in great motion 
receiving ftrong fparks from the artificial cloud, and dif- 
charging them on the ball, reprefenting in miniature a 
ftorm of lightning where an electrical cloud Itrikes into 
another cloud, and that clifcharges itfelf on a building 
that is without a regular conductor, or one terminating 
with a ball (fee fig. 6.). 

E X. P E R I M E N T XX. 

While this ftorm of lightning in miniature continued*... 
I removed the Hand with the three inch ball, and placed 
in its ftead the Hand terminating with the point; the 
point was immediately luminous, and in an inftant the 
artificial ftorm ceafed. 

The end of the moveable artificial cloud, next the 
charged artificial one, was now attracted to it, as in the. 
eighteenth experiment. 


EXPERIMENT XXI. 

The apparatus remaining as in the lafl experiment, I 
unferewed the pointed wire from the ffcand, and ferewed 
2 . ' . it 
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it into one end of a flick of wax of fix inches in length,- 
with eleven pieces of tin-foil fluck on it at one fortieth 
part of an inch a funder; then I fcrewed this wax with 
the point on the ftand, and placed it fo that the point 
was direCtly. under the end of the moveable artificial 
cloud,, and at eighteen inches difiance as before: on 
charging the artificial cloud, the moveable artificial 
cloud was firft attracted, then repelled, and fo alternately 
as when the ftand with the three inch ball was under; 
but with this difference, that inftead of ftriking in a 
ftrong fpark, as it did to the three inch ball, it now 
ftruck with a very fmall fpark to the point, the point 
depriving the moveable cloud of rnoft of its electricity as 
it approached it, which was very vifibly palling away be¬ 
tween the reparations of the tin-foil.. 

EXPERIMENT XXII. - 

Every thing as in the laft experiment, a chain only 
being hung on the pointed wire, thereby corapleating, 
the metallic communication with the earth. As loon as 
the chain was hung on, the moveable artificial cloud in- 
ftantly cpafed ftriking to the point, and the other end of f 
it was then attracted to the artificial cloud, , which then - 
kept conftantly ftriking to it: the moveable artificial; 

' cloud i 
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.cloud did not return to the point as it did before the 
.chain was hung, on, as in the laid experiment, 

O B s E R V A T I O NT. 

In the eighteenth experiment, where the moveable 
artificial cloud was intended to reprefent a cloud in its 
natural ftate receiving electric fire from a charged cloud, 
we find, that the point deprived it of its eleCtric fire which 
it received from the charged one fo fait, that the artificial 
cloud cohid keep conftantly ftriking to the other end, 
without repelling it from it; but that in the nineteenth 
-experiment, when the ball was under the end of the 
moveable artificial cloud in the place of the point; then, 
inftead of the artificial cloud continuing to ftrike to the 
other end without repelling that end, it now fir It attracted 
and charged it with electricity, or the matter of lightning ; 
then immediately repelled it, and being attracted by the 
ball under the other end, it moved down with an ac¬ 
quired velocity, till it came within its ftriking. diftance, 
difeharging then its ele&rkity on the bull with a loud 
and ftrong fpark, and lb continued alternately receiving 
and difeharging its f eleCferic fire on the ball. It being firft 
attracted, at which, time it received an additional quan¬ 
tity of electricity, and then repelled till it had difeharged 

that 
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that additional quantity, is exactly agreeable to all the, 
known laws of .electricity., 

This experiment may poffibly throw fome light on- 
what we fometimes fee in nature, viz. one cloud con¬ 
tinuing to Strike. towards the earth a considerable time;. 
for. Should a cloud in its natural ftate be fo lituated be— 
tween a charged cloud and the earth, it may be firft at— 
traded and charged, and then repelled, and. if it. fhQuid 
be repelled fo as to come within the attracting distance of. 
any blunt body with a good or,partial conductor, it would ,, 
then continue.to be attracted till it came within its {hik¬ 
ing diltance, and then difeharge. its lightning fuddenly - 
on it; and if it was not repelled or, attracted beyond.the 
attracting diftance of. the. charged cloud, it would again. 
be.attracted,to it and charged, then repelled as before,., 
and fo may.continue receiving and difeharging the light¬ 
ning. till the charged cloud is nearly exhausted .of its. 
electricity or matter of lightning. 

But if a cloud, in its natural ftate, Should be fo Situated, 
withjn the Striking diftance of a charged cloud, and at 
the fame time within the power of a good metallic com? 
duCtor terminating in a point; then from thefe experi¬ 
ments it does appear, that the charged cloud would con¬ 
tinue Striking to the natural cloud, and that would again.* 
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part with it iilently, by means of the point, without 

finking on it till the charge*.! cloud is nearly exhaufied. 

When we ice a cloud iiriking into another cloud fede¬ 
ral times together, we conclude from all the known laws 
of electricity, that the cloud which iliik received the 
ftroke muft have difeharged part or the whole of what 
it received before it could receive another ftroke, 


In the twentieth experiment wc find, that though our 
moveable artificial cloud was in great motion, receiving 
and difeharging its ele&ric fire on the ball, that, on 
taking away the ball, and putting the point in its place, 
the artificial ftorm immediately ceafed. 

In the twenty-firft experiment, where the point was 
on a ftick of wax, with reparations in the metallic com¬ 
munication with the earth, we find that, even in that 
fituation, the ftroke on the point was very fmall to what 
it was on the ball with a good communication, great part 
of the electric fire vifibly paffing off as the cloud ap¬ 
proached the point; and when the metallic communica¬ 
tion was made compleat by hanging on the chain, it then 
■ceafed ftriking to the point. 


E X P E- 
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.1 X V x H I M E N T xxm# 

The tube which I before called the moveable artificial 
cloud in the former experiments, from its moving very 
eafily on its axis, was, by means of two fcrews now fixed, 
immoveable, with the ball at one of its ends above the 
ball c at the end of the artificial cloud, at the height of 
three inches; and underneath the ball, at the other end, 
was placed the Hand with the point, at the diftance alfo 
of three inches. The artificial cloud was then charged, 
and an electric, fpark ftruck from the ball c at the end 
of it to the ball of the now fixed cloud above it, and at the 
fame inftant ft ruck from the ball at the other end to the 
point at three inches. 

EXPERIMENT XXIV. 

The tube ufed in the laft experiment (which I now 
again call the moveable artificial cloud from its being- 
made again to move freely on its axis) was placed exactly 
in every refpedt as in the laft experiment; the only dif¬ 
ference was, that it could now move eafily on its axis, 
whereas in the laft experiment it was fixed immoveable 
at the diftances: on charging the artificial cloud, the 
moveable artificial cloud, inftead of receiving a fpark, 
Vox,. LXVIIL 5 N and 




850 Mr. nairne’s Experiments to Jhew the 
and difcliarging it on the point, as in the laft experiment, 
was now attracted down to the artificial cloud there re¬ 
maining, not fhiking to the point, or returning to it fo 
long as the artificial cloud continued to he charged. 


OBSERVATION. 

By the twenty-third experiment we fee, that if our 
cloud is fixed at a certain diftance between the arti¬ 
ficial cloud and the point, the fixed cloud, at the in- 
.ftant it receives the electric fpark, diredrly difeharges it 
again on the point. But in the twenty-fourth experi¬ 
ment, where there is 110 other alteration than making the 
cloud moveable on its axis, the difiances being exactly 
the fame, the end of the cloud then recedes from the 
point and will not firike to it. This twenty-fourth expe¬ 
riment is much more agreeable to nature than the 
twenty-third, for clouds are not fixed hut floating bodies. 

In order to fee the effedfc of rods terminating with 
balls of different fizes, or terminating with a point, mov¬ 
ing fwiftly under my artificial cloud, 1 made ufc of the. 
following apparatus. 

In fig. 7. h is a hollow tube of wood covered with tin- 
foil, with a heavy weight fattened to one end of this 
tube; and at about three inches above the weight was 
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an axis, it was then fufpended by this axis between two 
wooden pillars: in this wooden tube was a brafs rod, 
which was moveable, fo that a ball or point fixed on it 
could be raifed to the height required. 

• EXPERIMENT XXV. 

A ball of one inch and three tenths diameter was 
fixed to the under part of the artificial cloud at k, and 
then this apparatus was placed under it with a point, the 
fwinging rod was held down to the floor, as in fig. 8. 
and the point covered: then the artificial cloud was 
charged by a certain number of turns of the glafs cylin¬ 
der; the fwinging rod with the point was then let go, 
and paht-d fwiftly and very near to the ball under the ar¬ 
tificial cloud at k. This was repeated feveral times,, re¬ 
moving the point lower each time till the greateft ilrik- 
ing diftance to the point was found, which was generally 
one inch and fix tenths. 

EXPERIMENT XXVI. 

The point being removed, a ball of three tenths dia¬ 
meter was placed in its ftead and tried, as the point in 
the preceding experiment; the ftriking diftance was ge¬ 
nerally found to be two inches and one tenth. 

5 N a , ' e x p e- 
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EXPERIMENT XXVII. 

The three tenth ball being removed, another of one 
inch and three tenths was tried as in the two laft experi- 
ments, and the ftriking diftance was generally fifteen 
inches. 

But when the weather has been favourable for elec¬ 
trical experiments, I have feveral times had ftrokes to the 
point from its palling fwiftly, and as near as it could 
without touching the ball, till it was brought down to 
one inch and feven tenths, then the artificial cloud would 
ceafe ftriking to it till it was removed down to three 
inches and five tenths; it would then begin ftriking 
again, and continue ftriking; to it all the while it was 
■ removing to the diftance of ten inches and three tenths. 

And when the three tenth ball was on in the place of 
the point, the artificial cloud would ftrike to it from its 
paffing fwiftly, and very near to the ball, and continue 
ftriking all the while it was removing to the diftance of 
two inches and nine tenths; then the artificial cloud 
ceafed ftriking to the ball till it was removed to three 
inches and feven tenths, and after that diftance con¬ 
tinued ftriking till it was removed down to ten inches 
and eight tenths. But when a ball of one inch and three 

tenths 
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tenths was ufed, the artificial cloud has ftruck, as it 
pafTed fwiftly, very near to the ball on it, and all the time 
it was removed down to lixteen inches, there being no 
diftance with this one inch and three tenth ball at 
which the artificial cloud left off {hiking, and then be¬ 
gan again; but here with the point and three tenth ball 
there were two {hiking diftances, as was before men¬ 
tioned in the fecond experiment. 

This remarkable phenomenon in electricity is, I be¬ 
lieve, new to electricians, and may be worthy their con- 
lideration. 


OBSERVATIO N. 

In the twenty-fifth experiment it appears, that the 
point is ftruck by means of a fwift motion; and from the 
twenty-lixth experiment, that the ball of three tenths 
was ftruck further than the point; and the ball of one 
inch and three tenths, in the twenty-leventh experiment, 
at a much greater diftance than either, even with the 
fwift motion. 

From thefe experiments I fhould be induced, firft, to 
prefer elevated pointed conductors ; next to them thofe 
that are pointed, though they project but a little diftance 
above the higheft part of the building5 and after’ them 

thofe 
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thofe terminating in a ball, and placed even with the 
high eft part of a building, though it does appear from 
thefe experiments, that they are more liable to be ftruck, 
and likewife have not the property of guarding the dis¬ 
tant parts of a building as elevated points have; but if 
they have a good metallic communication with the earth, 
the building might not he hurt, though the lightning 
fhould ftrike on the conductor; yet, I believe, there are not 
many who would not fhudder at the tremendous blow, 
if they were in a houfe when the conductor was ftruck, 
Tliofe conductors which are recommended to be within 
the infide of a building, and one or two feet below the 
higheft part r % are certainly very dangerous, efpecially 
for all that part of the building above the conductor. 

I was a witnefs of the dreadful effeCts of a ftroke of 
lightning on a houfe that had an accidental partial con¬ 
ductor within the infide of the upper part of the houfe. 

It happened to a houfe near Ratcliff Highway, on the 
2,9th of July, 1775. 1 ° tbe; uppcrmolt room ftood a 

large iron triblet,of about three feet in height; the light¬ 
ning made its way through the roof of the houfe, throw¬ 
ing oft' a number of tiles,'rending and tearing the laths 
and platter on the infide, to get to the triblet, on which 
it ftruck from thence to a hammer, which laid on the 

(d) Mr. Wilson’s Letter to the Marquis of Rockingham, Phil. Tranf. 
vol LIV. p. 247. 


floor 
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floor near it: it then made its way, by partial conductors, 
down into the cellar to the leaden pipe, which conveyed 
water from the main, and in its way rent the honfe in 
various parts, lb as to make it fcarcely habitable. It left 
marks of fulion on different metallic utenfils, fome of 
which I have now in my poffeflion. If the conductor 
from the triblet had happened to have been made by a 
oompleat and fufficient metallic communication with the 
earth, all parts of the houie below would have been pre¬ 
fer ved; but the parts above would have been equally 
rent and deftroyed. 

I now beg leave to make a few remarks on Mr. v t il~ 
son’s paper, infilled, New Experiments and Observations 
on the Nature and Ufe of Conductors. I11 p. 2. Mr. Wil¬ 
son mentions, that he had declared his diffent in the 
year 1773 againft pointed conductors: I will here copy 
part of his diffent as it is in Phil. Tranf. vol. lxiii. p. 
48. His words are, u Every point, as fuch, I confider as 
“ folieiting the lightning, and by that means not only 
ic contributing to increale the quantity of every aCtual 
H difcharge, but alio frequently occafioning a difcharge 
a where it might nototherwifehave happened. Whereas,, 
“ if inftead of pointed we make ufe of blunted conduc- 
* { tors, thofe will as effectually anfwer the purpofe of 
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<{ conveying away the lightning faie.ly, without that ten- 
a dency to increafe or invite it.” 

In anfwer to this l can only fay, that, from thefe expe¬ 
riments of mine, the direfit contrary appears to be the 
fafit ; that the point, in lie ad of increafing an afitunl dit¬ 
ch arge, prevents a difeharge where it otheruife would 
happen; and that the blunted conductors tend to invite 
the clouds charged with lightning. 

The eleven fir ft experiments of Mr. Wilson’s are in¬ 
tended to {hew, that pointed conductors draw off the 
electricity from a cloud at a much greater diftance than 
thofe which are blunted. My ninth experiment proves 
the truth of thofe experiments of his; the only difference 
is, that in mine the point afited on my artificial cloud at 
a much greater diftance; from which it appears, to life 
his own words, p. 4. a that a charged body is exhaufted 
“ of more of the fluid by a pointed than by a blunted 
a conductor.” In anfwer to his twelfth experiment, and 
on to the eighteenth, where the model of the houfe 
moved fwiftly, under his large artificial cloud, ami where 
the point was {truck at five inches, and fomcrimes at a 
quarter of an inch further than his three tenth balb v ; 
I muff obferve, that I have fometimes feen Ins apparatus 
at the Pantheon, with which he made his experiments, 

( e .) Page 8.* 
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ftrike as far to the three tenth ball as the point; but in 
my experiments I have had it ftrike ten inches three 
tenths to a point, and ten inches and eight tenths to a 
three tenth ball; but to a one inch and three tenths ball 
it commonly ftruck to fifteen inches, and fometimes to 
fixtecn inches. In anfwer to the eighteenth and following- 
experiments I muft obferve, that the fubftitnte being- 
fixed is unnatural; for clouds are compofed of a fluid 
matter, moving with the ntmoft facility in another fluid 
fubftance; and from my twenty-third experiment, where 
the fubfdtute was fixed, the point was ftruck; yet in the 
twenty-fourth experiment, where there was no other 
alteration than allowing the cloud to move freely, then 
the point was not ftruck. I imagine, if Mr. wilson’s 
large artificial cloud at the Pantheon, which was 155 
feet long and 16 in diameter, had been properly infu- 
lated, and there had been ieveral cylinders properly 
mounted to have charged it, he would have found the 
ftriking diftance, and every other of his experiments, 
very different from what he did, particularly thole where 
his fubftitute was fixed about one inch and a half from 
his large artificial cloud. 

My reafons for thus thinking arc, that when 1 placed 
a fubftitute of exactly the fame dimenfions in every re- 
fpedt as his, and placed it alio about one inch and a half 

Vgl. LX V ill. 5O - , from 
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from my artificial cloud, that then the longeft fpark that 
I could get to a point was one inch and one tenth; but 
to a three tenth ball it {truck eight inches and {even 
tenths: and what further confirmed me in my opinion 
was, that when 1 placed a brals cone, half an inch at the 
bafe and two inches high, on my artificial cloud, to carry 
off part of its electricity, in order to prevent its being 
charged fo high,.every thing elfe being the fame, that then 
I could get a Broke to the point one inch and one tenth as 
before, andfometimes not longer to a three tenth ball; 
but to a one inch and three tenth ball the diftan.ee was 
lefs, being not. more than half an inch. But when. I 
made no other difference than taking off the cone from 
the artificial cloud, it then {truck to the point as before, 
viz. one inch and one tenth, and to the three tenth ball 
eight inches and feven tenths; but to the one inch and 
three tenth ball nine inches and one tenth, inftcad of 
only half an inch, as it did when the cone was on, and 
of eonfequence the conductor not fo highly charged. If 
the fubftitute was placed in contact with the artificial 
cloud, then there was no diftancc at which it would 
ftrike to the point, but only to the balls, as Mr. wilson 
obferves was the cafe with his apparatus. His words are, 
p. ii. “So that bringing the two fnbftitutes into con- 
“ ta<5t occasions the fame phenomena that the great cy~ 
* “ linden 
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<{ linder did alone; that is, the rounded end would caufe 
“ an explofion at a confiderable diftance, and the point 
Ht little or none, notwithstanding it was brought clofe to 
£< the fubftitute.” 

I mult beg to intrude a little more on your time to 
remark on that part of Mr. Wilson’s paper, where from 
his experiments he feems to conclude, that the lightning 
at Purfleet firft ftruck on the point of the rod of the 
conductor, and then, by a lateral part of that itroke, 
ftruck the cramp on the coping ftone. I believe, if he 
had examined the fituation of the ftone, and the place 
where the cramp was ftruck, he would have found, that 
if the lightning had ftruck on the point of the conduc¬ 
tor, that to have produced that effeCt on the ftone, it 
muft after it had ftruck on the point, and paffed down a 
quantity of metal, have ftruck from the metal up into the 
air, then down again on the cramp, arid then again to 
the metal it had left, for the fmall dent or hollow made 
by the lightning was on the upper fur face of the Stone* 
and yet the metallic communication to the earth conti¬ 
nued from the point under the ftone which was ftruck. 
It appears more probable to me, from the trifling damage 
it did, that the charged cloud had paffed over the pointed 
conductor, and had been exhaufted of a great part of 
its electricity in palling; and that after it had paffed, 

S O a it 
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it was attracted down lower by a ridge of hills that was 
beyond, and that the cloud being out of the influence of 
the point to prevent its linking, the end of the cloud 
might ftrike at an angle in the cramp, and fo to the me¬ 
tallic part of the conductor, which, was only about fevcu 
inches below. 

I {hall conclude with obfervhig, that Mr. iienly and 
myfelf had the pointed rod of the conductor at Purflcet 
taken down to examine the point; hut we found no ap¬ 
pearance on it that Ihewed that it had been {truck. 
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XXXVIII. On the Ufe of an Amalgam of Zinc, for the 
Purpofe of electrical Excitation , &c. By Bryant Hig¬ 
gins, M. D. in a Letter to Richard Brocklefby, M. D. 
F. R. S< 


TO DR. B R O C K'L E S B Y. 


DEAR SIR, 


Oicfk Street, Soho, 
May 8, 1770. 


Read July 4, TTJ y divers experiments lately made by 
JL3 m yf e if 5 a nd repeated by others, 1 find 
that, agreeable to the fuggeftion made in my laft courfe 
of chemiftry, the amalgam of zinc, which contains four 
times more quickfilver than zinc, is much better for 
eleCtrical excitation than the tin amalgam of the inge¬ 
nious Mr. canton, when ufed in the fame circum- 
ffances. 

I alfo find, that eleCtrical cylinders are eafily and ef¬ 
fectually cleanfed by applying to them a piece of the 
dry fkin of the dog-fdh whilft the cylinders are turned 
3 round; 
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round; and that h; this method of cleanfing the glafs 
cylinders, we avoid the inconvenience of removing the 
cuihion, and the danger of fcratching the glafs, to both 
which we are expofed in the ufe of whiting and other 
cleanfing powders. 

I am, Zee. 




[ 863 ] 


XXXIX. Chemical Experiments and Obfervaiions on Lead 
Ore. By Richard Watfon, D. D. F. R. S. in a Letter 
to Sir John Pringle, Bari. P.R.S. 


TO SIR JOHN BRINGLE, BART. E. R. S.- 


s I Rj, 


Cambridge, 
June 13, J77% 


Read July 9, rT“1 jj e following experiments and obferva- 
"®“ tions, it is apprehended, will not be 
thought iminterefting by perfons verfed in chemiftry. 
May I beg the favour of you to communicate them to' 
the Royal Society? 


l am, <kc.. 


LEAD ORE, as dug out of the mine, is generally 
much mixed with fpar, lime-ftone, and other fubftances,-, 
bulk for bulk, heavier than the ore itfelf. It undergoes- 
various dreflings before it becomes a merchantable com¬ 
modity, the general tendency of which is to free it, as 
much as poffible, from every heterogeneous impurity. 

Supppfe 
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Suppofe that a cubic foot of lead ore, which contained 
no foar or other extraneous matter, would weigh 7800 
ounces, and that a cubic foot of fpar, which contained no 
lead ore or other foreign lubilancc, would weigh 2700 
ounces, then would a mixture, conliiling oi a cubic root 
of pure lead ore and a cubic foot of pure fpar, weigh 
10500 ounces, and one cubic foot of Inch a mixture 
would weigh 5250 ounces. It is obvious that, according 


to the different proportions in which the particular kinds 
of fpar and lead ore here ail timed are iuppowd to oc 
mixed together, a cubic loot ox the mixture \titl lucre 
different weights, the limits of which are on the one 
hand 7800, and on the other 2700 ounces; it never can 
weigh io little as 2700 ounces, for then it woiud con.lift 
intireiy of fpar without any lead ore; nor can it ever 
weigh Io much as 7800 ounces, for then it would cun- 
fill intireiy of lead ore without any fpar. 

From tltis view of the matter it is evident, that the 


purchafmg of lead ore by the mea'furc, which is the go 
neral though not the univerfal cuftom in Derbyflurc, is 
a mode liable to feme exception; fiflee a difh, containing 
any definite nieafure, mull have different weights, ac¬ 
cording as the ore with Which it is filled is more,or lefs 
free-.’from' fpar* .And it is fcarce pofiible, by repeated 
■■v... ■ dreliings, 
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draftings, to feparate all the fpar from an ore, or equal 
portions of it from equal portions of ore. 

There is a diverlity, however, in the weislits of eoua! 
meafures of lead ore, which probably does not ariie from 
fparry or other heterogeneous accretions, but from the 
nature of the ore itfelf. I have carefully taken the fpe¬ 
cific gravities of many of the Derbyfhire lead ores; the 


weight of a cubic foot of the lighteft -which I met with 
was 7051 ounces, and the weight of a cubic foot of the 
heavieft was 7786 ounces; the difference amounting to 
between a ninth and a tenth part of the weight of the 
lighteft. There are probably other ores of lead which 
differ more in their fpecific gravities than thefe here 
mentioned; but the difference between thefe is fufficient 
to fhew the great uncertainty of purchafing lead ore by 
the meafure, fince ten diflies of one fort of ore may not 
weigh more than nine difties of another fort, though 
both the forts be equally well dreffed. 

Lead ore , is not always of the lame goodnefs in the 
fame mine, nor even in the fame part of the fame mine; 
and, what is more remarkable, the different parts of tile 
fame lump of ore have different fpecific gravities. I could 
not eafily have believed this, unlefs a .variety of experi¬ 
ments had convinced me of the fadt. 

Vol. LXVIII. S P 'They 
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They were employed this year at Holywell in {melt¬ 
ing a lead ore from the Me of Man; the ore was rich in 
filver. A lump of this ore, weighing about ten ounces, 
was broken into feveral pieces, and fuch of the pieces 
were fele£ted as appeared to the eye to be wholly pure. 
By taking the fpecific gravities of fix of tliefe pieces I 
found, that a cubic foot of the lighted: kind would have 
weighed 6565 ounces, and a cubic foot of the heavieft 
kind would have weighed 7636 ounces. Supposing the 
fpecific gravity of water to be denoted by 1,000, the 
mean fpecific gravity of the fix different pieces of this 
ore may be expreffed by 7.115. 

A very pure fpecimen of teffellated lead ore, from a 
mine near Afhover in Derbyfliire, was broken into fix 
pieces, weighing near one ounce each. A cubic foot of 
the lighted: of tliefe pieces would have weighed 7326 
ounces, and a cubic foot of the heavieft would have 
weighed 7786 ounces. The mean fpecific gravity of the 
fix pieces was 7.566. 

At the fame mine they frequently meet with fmall 
quantities of fteel-grained lead ore. Six different pieces 
of the fame lump of this kind of ore were chofen, each 
of which appeared quite free from fpar and every other 
impurity. A cubic foot of the lighted: of thefe pieces 
would have weighed 7188 ounces, and a cubic foot of 
2 the 
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-.the heavieft would have weighed 7442 ounces. The 
mean fpecific gravity of the fix pieces was 7.342. 

Other lumps of ore, from different mines, were re¬ 
flectively broken into different pieces, and fcarcely any 
two pieces of the fame lump were obferved to agree in 
their fpecific gravities. This diverfity in the fpecific gra¬ 
vities of the feveral pieces of the fame lump of ore may 
be owing, either to the different proportions in which 
the conftituent parts of the ore are combined in the fe¬ 
veral pieces; or to the different quantities of extraneous 
fubftances imperceptibly mixed with them, or, which 
feems moft probable, to a diverfity in the fize or configu¬ 
ration of thefe pores. 

But be the caufe of the diverfity in the fpecific gravi¬ 
ties of different pieces of the fame lump of ore what it 
may, the faCl, I believe, is certain, and by no means lin¬ 
gular; for not to mention the varieties obfervable in the 
fpecific gravities of different pieces of roll brimftone, of 
corrofive fublimate, of caff fteel, and other factitious fub¬ 
ftances, the natural fpars generally found along with 
lead ore are fubjeCt to a fimilar diverfity, though not 
perhaps in an equal degree. 

A piece of rhomboidal, otherways called refracting or 
lantern fpar, was broken into four fmaller pieces, the fpe¬ 
cific gravities of which were 2.675, 2.687, 2.715, 

5 P 2 2.723; 
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the medium of the four is 2.700. Mr. cotes 
fixes the fpcciiie gravity of Iceland cry fail, at 2.7 20, raid 
WALL EMUS fixes it at 2.700. 


The fpecific gravities of four pieces of the fame lump 


of cubical fpar were 3.204, 3.218, 
medium of the fear is 3.219. 


n n o o 
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2.221; the 


Six ounces of fine tefDllated lead ore were put into a 


crucible and expofed, at firft, to a gentle, after war 
ftrong fire: the ore grew red, and emitted fumes 


'ds to a 
Which 


fmelled of fulphur; at length it melted, and the fumes 


became very copious; they were accompanied with a 
yeUowifh flame upon the furface of the melted ore, and 
when- collected had a whitifh appearance. The. crucible, 
after the ore had continued a full hour in perfect fufion 
was taken from the fire, and when it was cold it was. 
broken. The mafs which it contained weighed five 
ounces and an half; there were no fcoria obfervahie on 
its furface, nor were any particles of metal formed, it 
was ftiil an ore of lead. 

The mafs remaining from the laft experiment was put 
into a frefli crucible, and expofod to a firong melting 
heat; the fumes which arofe from it feeraed to be 
heavy; they brooded over the furface of the melted mafs 
in undulating flames, which now and then appeared like 
burning zinc. The lead was now formed, and many 

particles 
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particles of it were fubUmed to at Icaft fix inches above 
the furface ■ of the -liquid in the crucible. : After letting 
the crucible continue two hours in.this flute, I poured 
out its contents, and found them coniifting partly of 
load, partly of lead ore, and partly of a very minute por¬ 
tion of. brownifh fcork. 


Thefe experiments'prove, that fomc fobftance or 
other is contained in lead ore, which muft be difperfed 
before the ore can be formed into lead; and they fhew 
too, that it requires a confiderable time to efieft the-dif- 
perfion of this fubltance, fin.ee fix ounces of ore, though 
kept three hours or more in complete fufion, were not 
wholly brought into the form of lead; and, lafdy, they 
render it probable, that the, fumes, arifing from melted 
ore, carry off with them no i noontide r able portion of the 
lead itfelf. At the great fmelting houfes- in Derbyfhire, 
they put a ton of ore at a time into the furnace, and work 
it off in eight hours;, the ore might be wholly melted in 
one hour, but the lead perhaps is not formed in the 
greateft polfible quantity in eight hours. • < : 

Some fine teffelated lead ore from Derbyfhire was 
pou ; ded into fmall lumps, each about the fize pf a pea,, 
and carefully picked from fpar and other impurities^ 
Sixteen ounces of this ore, thus previpufly clean led, were, 
diitilled in an earthen retort ; as foon. at the ore .ieit the 
. fire. 
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fire, the {topple of the quilled receiver had a firong fmell 
refembling that of the inflammable air feparable from 
fome metals by folution in acids; foon after a fmall por¬ 
tion of a liquid came over into the receiver; the fire was 
then raifed till the retort was of a white heat, when a 
black, matter began to be iublimed into the neck of the 
retort; the operation was then difcontinued. T. his expe¬ 
riment was undertaken with a view of feeing whether 
fulphur could be feparated from lead ore, as it may be 
from fome fpecies of the pyrites, by diftillation, aud it 
appears from the iflue of the experiment that it cannot. 
What might have been the event of the experiment if k 
had been conduced with a very gentle heat for a long 
time, fcannot pretend to fay. Upon breaking the retort 
I found, that the ore had been melted during the opera¬ 
tion, for there was a confiftent cake of ore of the figure 
of the bottom of the retort; the weight of this cake was 
fifteen ounces and an half, the weight of the liquid in 
the receiver, and of the black matter which had been 
Iublimed, did not together amount to one quarter of an 
ounce, lo that a quarter of an ounce or more had been 
difperfed, probably in the form of air, or fome elaftic 
fluid. The ore by this procefs had loft one thirty decond 
part of its weight; but I am of opinion, that if the ope¬ 
ration had been conducted with a lefs degree of heat and 
■ ■• . continued 
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continued for a longer time, the quantity of liquid would 
have been augmented. The liquid did not effervcfce 
with either acids or alkalies; nor did it produce any 
change in the colour of blue paper, though I am certain, 
from experiment, that one drop of oil of vitriol, though 
diluted with two ounces of water, would have produced a 
fenfible rednefs on the. blue paper which I ufed. The 
liquid, notwithftanding, had an acid tafte, and a pungent 
fmell, refembling that of the volatile vitriolic acid.. The 
experiment ought to be repeated with a larger quantity 
of ore, in order to, afcertain the quantity and quality of 
the liquid, feparable therefrom by fimple dift illation. 
The black matter, which had been fublimed into the 
neck of the retort, was examined with a microfcope, and 
it appeared to be pure lead ore; hence it is probable, that 
by a due degree of heat in clofe veffels, lead ore might 
be intirely fublimed without being decompofed; for the • 
melted.ore which was found at the bottom of the retort,,, 
had not any appearance of either fcoria, or of lead, upon 
its furface. Finding that fulphur could not be feparated. 
from lead ore.by diftilling it without addition, and y et being , 
much difpofed to think, that it contained a confiderable, 
portion of fulphur, I firft thought of diftilling it with , 
charcoal duft, iron filings* fand, and other additions; .but: 
recollecting that fulphur might be feparated from anti— 

" ■' '/ ■■ ■ mony 
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thought ir hot improbable, 


that it ■ might' be feparated from lead ore 
means, and the fuecefs of the following 


by the lame 
experiment 


abundantly jultified the conjcdture. 


Upon ten ounces of lead ore, tieanfed as in the pre¬ 
ceding experiment, 1 poiircd five ounces of the flrongeft 
fuming fplrit of nitre; this ftrong add not focusing to 
ad upon the ore, 1 diluted it with five ounces of water; 


a violent ebullition, accompanied with red fumes, imme¬ 
diately took place; the lbliition of the ere in this men- 


ftrunm became mauifeft, and when it was iiiiidied, there 
remained floating upon the iurface of the meiiftruum a 
cake of fine yellow fulphur, perfectly refembling com¬ 


mon fulphur. 

I repeated this experiment a great many times, in or¬ 
der to afeertain the quantity of fulphur contained in lead 
ore, and feparable therefrom by folution in acid of nitre. 
The refults of different experiments were lcldom the 
fame:, the matter feparable from the ore by folution, 
after being repeatedly wafhed in large quantities of hot 
water, in order to free it from every faline admixture, 
fometimes amounted to more, fometimes to lefs than 
one-third the weight of the ore. This matter may, for 
the fake of dilfmotion, be called crude fulphur. Its ap¬ 
parent purity might induce a belief that it contained no 

hetero- 
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heterogeneous mixture, yet the following experiments 
fhew how much we fhoukl be deceived in forming fucli 
a conjecture, and how rightly it is denominated crude 
fulphur. 

From one hundred and twenty parts, by weight, of 
lead ore, I obtained, by folution in acid of nitre, fubfe- 
quent wafhing in hot water, and drying by a gentle fire, 
forty parts of a fubftance which looked like fulphur: 
thefe forty parts were put on a red-hot iron, the fulphur 
Was made manifeft by a blue flame and pungent fmelL 
When the flame went out, there remained upon the iron 
unconfirmed twenty-fix parts of a greyifh calx; the 
weight of the fulphur which was confirmed mull there¬ 
fore have amounted to fourteen parts, or between one 
eighth and one ninth part of the weight of the ore. It 
has been obferved, that the weight of the matter, fepara- 
ble from lead ore by folution in acid of nitre, fometimes 
exceeded, and fometimes fell fhort of, one third part of 
the weight of the ore; this variety, as far as I have been 
able to obferve, does not extend to the quantity of ful¬ 
phur contained in a given quantity of ore, but depends 
upon the quantity of calx remaining after the burning of 
the fulphur. Different lead ores will, doubtlefs, contain 
different quantities of fulphur; but that the fulphur con¬ 
tained in the lead ore which I examined conftitutes be¬ 
tween One eighth and one ninth part of the weight of 

Vo l, JLXVIII. * 5 Q the 
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the ore, is a conclufion upon which, from a variety of 

experiments, I am difpofed to rely. 

There are annually fmelted in Derbyshire about ten 
thoufand tons of lead ore: now if means could be in¬ 
vented (which I think very pofiible) of hiving the ful¬ 
phur contained in ten thoufand tons of ore, fuppofmg 
that the ore fhould only yield one tenth of its weight of 
fulphur, though it unqueftionably contains more, Der- 
hyfhire alone would furnifti annually one thoufand tons 
of fulphur, the value of which would annually be about 
fifteen thoufand pounds. I mention this circumftance 
thus publicly, in hopes that the lead fmellers may be in¬ 
duced to profecute the object. If the fulphur contained 
in lead ore could be collected, it would not only be a lu¬ 
crative bufinefs to the fmelters, but a great faving to the 
nation. We at prefent import the fulphur we ufe, and the 
confumption of this commodity is exceeding great, in the 
making of gunpowder, in forming the mixture for cover¬ 
ing the bottom and fides of fhips, and in a great variety of 
arts. The fmelters need not be apprehensive left the qua¬ 
lity of the ore fhould be injured by extracting the fulphur. 
Eighteen hundred weight of ore, from which the ful¬ 
phur has been extracted, will certainly yield as much lead 
twenty hundred weight of ore, from which the fulphur 
has not been extracted, and it will probably yield more. 

Arfenic 
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Arfenic Is extracted from a particular ore in Saxony, by 
roafting the ore in a furnace-, which has a long horizon¬ 
tal chimney; the chimney is large, has many windings 
and angles, that the arfenical vapour which arifes from 
the ore may be the more eafily condenfed: the arfenic 
attaches itlelf like foot to the lides of the chimney, and is 
from time to time fwept out. It is very probable, that by 
fome fuch contrivance the fulpliur contained in lead ore 
might be colledted. The fmelters call every thing ful- 
phur which is volatilized during the roafting or fluxing 
of an ore; but none of thofe with whom I have con- 
verfed had any notion that common fulphur could be fe- 
parated from lead ore. 

The greyifh calx which remained upon the iron after 
the fulphur was confumed, was put upon a piece of lighted 
charcoal; the .heat of the charcoal being quickened by 
blowing upon it, a great number of globules of lead were 
formed upon its fur face. From hence it appears, that 
this calx is not an unmetallic earth contained in the ore, 
■which the acid of nitre could not difl'olve; but a calx of 
lead, probably produced by the violent adtion of the acid, 
and which, by the addition of phlogifton, may be exhi¬ 
bited in its metallic form. The quantity of this calx de¬ 
pends much upon the action of the add upon the ore; 
if that adtion is violent, the calx; is in greater abundance 

5 Q 2 than 
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than if it be moderate; and I am not certain whether the 
experiment might not be fo managed, that there would 
be little or no calx remaining; that is, a given quantity 
of ore might be fo diffolved in the acid of nitre, that 
nothing would remain undiilolved except the fulphur. 
But I have not yet perfectly fatisfied myfclf as to the 
conftituent parts of lead ore. I am certain that it con¬ 
tains lead and fulphur, a liquid and air: of the exiftence 
of the three firft there can be no doubt, from what has 
been faid, and the air is rendered beautifully apparent 
by the following experiment. 

Let fome lead ore be reduced into a fine powder, put 
it into a narrow-bottomed ale glafs, fill the glafs three 
parts with water, drop into the water a portion of the 
ffcrong acid of nitre, you may judge of the requifite 
quantity by feeing the folution commence, and you will 
obferve the ore univerfally covered with bubbles of air, 
thefe will buoy the ore up in large tufts to the fur face, 
and the air will continue to be feparated from the ore till 
the add becomes faturated with the leach The fait 
arifing from the union of the nitrous acid to the lead 
often appears cryftallizecl upon the furface of the men- 
ilraum in this experiment; and if, when the menftruum 
is in that flate, a little frefh acid be added, the fait in¬ 
stantly cryflallizes and falls down to the. bottom of, the 

glafs. 
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glafs, the add having abforbed the water which held it 
in folntion. When lead is diflblved in the manner here 
mentioned, by a very diluted acid of nitre, there is no 
appearance of fulphur upon the furface of the men- 
ftruuin, there is found at its bottom a black matter which 
is the fulphur, 

. But though lead and fulphur, a liquid and air, are un- 
queftionably conftituent parts of lead ore, I do not take 
upon me to fay, that they are the only conftituent parts: 
it is well known, that, during the fmelting of lead ore, a 
third part or more of its weight is fomehow or other loft, 
fince from one and twenty hundred weight of ore they' 
feldom obtain above fourteen hundred weight of lead. 
What is loft partly conftfts of a fcoria which floats upon 
the furface of the lead during the operation of fmelting, , 
and partly of what is fublimed up the chimney and diffi- 
pated in the air. The fcoria,. I apprehend, would be very 
little even from a ton of ore, if.the ore was quite free from 
fpar: it is the fpar which is mixed with the ore that con-; 
ftitutes the main portion of the fcoria. I have in my. 
pofleflion a folid mafs of fcoria, which accidentally 
flowed out from a fmelting furnace, and, which in colour 
and confiftency perfectly refembles grey lime-ftone; it 
receives a polifh as fine as marble, and it might, perhaps,, 
with advantage be caft into molds for paving ftones,.. 

3. ; chimney 
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chimney pieces, and other matters. It arifcs from the 
fpar mixed with the. ore, and, by the addition of fuftble 
fpar to the ore during its fufion, its quantity might be 
increafed at no great expence, in any proportion. That 
part of the ore which is fublimed.. and dilperfcd in the 
air, conlifts partly of the fulphur which is confirmed, 
and partly of lead; this fublimed lead attaches itfelf in 
part to the fldes of the chimney of the fmelting furnace; 
the reft of it flies up into the air, from whence it hills 
upon the ground, poifoning the water and herbage upon 
which it fettles. This fublimed lead might he collected 
either by making it meet with water, or with the vapour 
of water during its afcent, or by making it pafs through 
an horizontal chimney of a fufHcient length. 

It is not eafy to determine with precifion the quantity 
of this fublimed lead; a general griefs, however, may 
throw feme light upon the fubjedt. They ufually at a 
fmelting houfe work off three tons, or lixty hundred 
weight,of lead ore every twenty-four hours; the fulphur 
contained in lixty hundred weight of ore we will flip- 
pofe to be feven hundred weight, and the lead to be 
forty hundred weight; the air, liquid, fcoria, and fub¬ 
limed lead, muft together, upon this fuppoiition, amount 
to thirteen hundred weight; now, admitting three hun- 
,dred weight of the thirteen to be fublimed lead, it is 

evident 
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evident that, could it.be collected, there would be an annual 
faving at each fmelting houfe of above fifty tons, which, 
fuppofing it to be worth four pounds per ton, would 
amount to above two hundred pounds a year. The price 
and quantity of lead fublimate here afiiimed are probably 
both of them below the truth; but my end is anfwered in 
giving this hint to perfons engaged in the fmelting* 
bufinefs. 

The following experiments, though upon a different 
fubjeft, may not be unacceptable to the lovers of che-- 
miftry, as I do not remember to have any where met 
with themv I trouble the Society with a relation of 
them at this time, that I.may not hereafter intrude upon- 
their leifure. 

It is commonly known, that the furface of melted 
lead becomes covered with a pellicle of various, colours. 

I undertook fbme experiments in the courfe of laft win¬ 
ter, with a view to afcertain the order in which the colours • 
fucceeded each other. The lead which lines the boxes 
in which tea is imported from China happening to be at 
hand, fome of it was melted in an iron ladle; but I was 
much furprized to find that its furface, though it was • 
prefently covered with a dufky pellicle, did not exhibit.: 
any colours. Imagining that the heat was not fuffi* 
ciently ftrong to render the colours vifible, the fire was., 
urged till the ladle became red-hot, the calcined pellicle .: 

' upoa-4 
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upon the furface of the lead was red-hot alfo,but it was 
• frill without colour. The fame parcel of lead was boiled 
in a crucible for a considerable time; during the boiling 
a copious fleam was difcharged, and the furface of the 
lead, as is ufual, became covered with a half vitrified 
fcoria. The lead which remained unvitrified was then 
examined, and it had acquired the property of forming a 
fucceflion of coloured pellicles during the whole time of 
continuing in a ftate of fufion. 

Another portion of the fame kind of lead was expofed 
to a ftrong calcining heat for a long time; the part which 
remained uncalcined did, at length, acquire the property 
of exhibiting colours fufliciently vivid. 

Thefe experiments induced me to conclude, that the 
Chinefe lead was mixed with fome fubftance from which 
it was neceflary to free it, either by fublimation or calci¬ 
nation, before it would exhibit its colours. It would be 
ufelefs to mention all the experiments which I made be¬ 
fore I difcovered the heterogeneous fubftance with 
which I fuppofed the Chinefe lead was mixed. Atlaft 
I hit upon one which feems fully fufficient to explain 
the phenomenon. Into a ladle full of melted Derbyfliire 
lead, which manifefted a fucceflion of the moft vivid 
colours, I put a fmall portion of tin, and obferved, that as 
foon as th,e tin was melted, and mixed with the .lead, no 


more 
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more colours were to be feen. I do not know precifely 
the fmalleft poffible quantity of tin, which will be fuffi- 
cient to deprive a given quantity of lead of its property 
of forming coloured pellicles, bu t I have reafon to be¬ 
lieve, that it does not exceed one five thoufandth part of 
weight of the lead. 

Derbyfhire lead, which has loft its property of exhi¬ 
biting colours by being mixed with tin, acquires it again, 
as is mentioned of the Chinefe lead, by being expofed to 
a calcining heat for a fufficient time; the tin it is fup- 
pofed being feparated from the lead by calcination be¬ 
fore all tiie lead is reduced to a calx. 

Some calcined Chinefe lead was reduced to its metallic 
form by burning fome tallow over it. The reduced lead 
gave, when melted, coloured pellicles; the calx of tin, 
which we fuppofe to have been mixed with the calcined 
lead, not being fo eafily reducible as that of lead. 

I find that zinc is another metallic fubftance which 
has the fame property as tin with refpeft to the depriv¬ 
ing lead of its power of forming coloured pellicles; but 
it does not, I think, poffefs this po wer in fo eminent a 
degree as tin. I put fmall portions of bifmuth alfo into 
melted lead, but the lead ft ill retained its quality of form¬ 
ing colours. I melted together fome filver and lead, but 
the lead did not thereby lofe its power of forming "colours. 

You LXVIII. s R A little 
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A little tin added to a mixture of lead and bifmuth, or to 
a mixture of filver and lead, immediately takes away 
from the refpedlive mixtures the faculty of forming, 
coloured pellicles. 

This quality of tin has hitherto, as far as I know, been 
tinobfcrved; but every new fac% relative to the addons 
of bodies one upon another, ought to be recorded. The 
change produced in lead by the admixture of a fmall 
portion of tin is much felt by the plumbers, as it makes 
the metal fo hard and liar dr, that it is not without diffi¬ 
culty they can cad: it into fheet lead. If their old lead 
does not work fo willingly, nor exhibit colours fo readily,, 
as new lead, they may refer the difference to the fmall 
quantity of tin contained in the folder, from which old 
lead can feldom be thoroughly freed. 

With refped to the order in which the colours fucceed 
one another upon the furface of melted lead, it feems to. 
be the following one; yellow, purple, blue, yellow, pur¬ 
ple, green, pink, green, pink, green. Upon exhibiting 
the bright furface of melted lead to the air, 1 have often 
obferved thefe ten changes to follow one another in a 
more or lefs rapid fucceflion, according to the degree of 
heat prevailing in the lead. If the heat is but fmall, the 
fucceffion flops before it has gone through all the 
changes; but with the greateft heat I did not obferve any 

further 
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further variation. All the colours are very vivid, and 
each feems to go through all the fhades belonging to it 
before it is changed into the next in order. 

The formation of thefe colours may be explained 
from what has been advanced by Sir Isaac newton, 
and illuftrated by the very ingenious experiments of Mr. 
delaval, relative to the iize of the particles conftituting 
coloured bodies. 
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XL. Defeript ion of a moft effe&ual Method of fecuring 
Buildings agflmfl Fire , invented by Charles Lord 
Vifcount Mahon, F. R. S. 


Read July 2, 1778. 

§ i. HP HE new and very fimple method which I have 
A difeovered of fecuring every kind of building 
(even though conftru&ed of timber) again!! all danger 
of fire, may very properly be divided into three parts; 
namely, under-flooring, extra-lathing , and mter-fecur- 
ing, which particular methods may be applied, in part 
or in whole, to different buildings, according to the va¬ 
rious circumflances attending their conftrudlion, and 
according to the degree of accumulated fire, to which 
each of thefe buildings may be expofed, from the dif¬ 
ferent ufes to which they are meant to be appropriated. 

§ 12. The method of under-flooring may be divided 
into two.parts; videlicet , into Jingle and double under- 
flooring . 

The method of Jingle underflooring is as follows, A 
common ftrong lath, of about one quarterof an inch thick 
4 (either 
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(either of oak or fir) fhould be nailed agaihft each fide of 
every joift, and of every main timber, which fupports 
the floor intended to befecured. Other fimilar laths ought 
then to be nailed the whole length of the joifts, with 
their ends butting againfi: each other: thefe are what I 
call the fillets. The top of each fillet ought to be at one 
inch and a half below the top of the joifts or timbers 
againft: which they are nailed. Thefe fillets will then 
form, as it were, a fort of fmall ledge on each fide of all 
the joifts. 

§ 3, When the fillets are going to be nailed on, fome 
of the rough plafter hereafter mentioned (§9.) muft be 
fpread with a trowel all along that fide of each of the 
fillets, which is to lay next to the joifts, in order that 
thefe fillets may be well bedded therein when they are 
nailed on, fo that there fhould not be any interval be¬ 
tween the fillets and the joifts. 

§ 4. A great number of any common laths (either of 
oak or fir) muft be cut nearly to the length of the width 
of the intervals between the joifts. 

Some of the rough plafter referred to above (§ 3.) 
ought to be fpread, with a trowel, fucceflively upon the 
top of all the fillets, and along the fides of that part of 
the joifts which is between the top of the fillets and the. 
upper edge of the joifts. 


The 
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The fhort pieces of common laths juft mentioned 
■ought (in order to fill up the intervals between the joifts 
that fupport the floor) to be laid in the contrary direc¬ 
tion to the joifts, and clofe together in. a row, fo as to 
•touch one another, as much as the want of ftraitnefs in 
the laths will poflibly allow, withoht the laths lapping 
over each other; their ends rauft reft upon the fillets 
fpoken of above (§ a.) and they ought to be well bedded 
in the rough platter. It is not proper to ufe any nails to 
fatten down either thefe fhort pieces of laths, or thofe 
fliort pieces hereafter mentioned (§7.) 

§ 5. Thele fhort pieces of laths ought then to be co¬ 
vered with one thick coat of the rough platter fpoken of 
hereafter (§ 9.), which fiiould be l'pread all over them, 
and which fiiould be brought, with a trowel, to be about 
level with the tops of the joifts, but not above them. 
This rough platter in a day or two fiiould be trowelled 
all over, clofe home to the fides of the joifts; but the 
tops of the joifts ought not to be any wife covered with 
it. 

§ 6. The method of double under-flooring is, in the 
firft part of it, exa&ly the fame as the method juft de- 
feribed. The fillets and the fliort pieces of laths are ap¬ 
plied in the fame manner; but the coat of rough plafter 
3 ought 
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ought to be little more than half as thick as the coat of 
rough plafter applied in the method of fingle under- 
flooring. 

§ 7. In the method of double under-flooring , as fall: 
as this coat of rough plaller is laid on, fome more of the 
fhort pieces of laths, cut as above directed (§ 4.), muft 
be laid in the intervals between the joifts upon the firft 
coat of rough plafter; and each of thefe fliort laths muft 
be, one after the other, bedded deep and quite found into 
this rough plafter whilft it is foft. Thefe fhort pieces of 
laths fhould be laid alfo as clofe as poflible to each other, 
and in the fame direction as the firft layer of fhort laths. 

§ 8. A coat of the fame kind of rough plafter fhould 
then be fpread over this fecond layer of fliort laths, as 
there was upon the firft layer above deferibed. This, 
coat of rough plafter fhould (as above directed § 5. for 
the method of fingle under-flooring ) be trowelled level 
with the tops of the joifts, but it ought not to rife above 
them. The fooner this fecond coat of rough plafter is 
fpread upon the fecond layer of fhort laths juft men¬ 
tioned (§ 7.) the better. 

What follows, as far as § 13. is common to the method 
oi Jingle as well as to that of double under-flooring. 

§ 9, Common coarfe lime and hair (fuch as generally 
ferves for the pricking-up-coat in plaftering) may be 
ufed for all the purpofes before or hereafter mentioned 

but 
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but it is confiderably cheaper, and even much better, in 
aH tbefe cafes, to make ufe of bay inftead of hair , in order 
to prevent the plafter-work from clacking. The hay 
ouoht to be chopped to about three inches in length, but 

no Ihorter. 

One meafure of common rough fand^ two meafuies of 
{lacked lime, and three meafures (but not lefs) of chopped 
hay,, will prove, in general, a very good proportion, when 
{diffidently beat up together in the manner of common 
mortar. The hay muft be well dragged in this kind of 
rough plafter, and well intermixed with it; but the hay 
ought never to be put in, till the two other ingredients 
are well beat up together with water. 

This rough plafter ought never to be made thin for 
any of the work mentioned in this paper. The ftilfer it 
is the better, provided it be not too dry to be fpread pro¬ 
perly upon the laths. 

If the flooring boards are required to be laid very 
foon, a fourth or a fifth part of quick (a) time in powder, 
very well mixed with this rough plafter juft before it is 
ufed, will caufe it to dry very faft. 

(a) I have pra&iced this method in an extenfive work with great advantage. 
In three weeks this rough plafter grows perfeftty dry. The rough plafter, fo 
made, may be applied at ail times of the year with tire greateft fuccefs. The 
eafieft: method, by much, of reducing the quick lime to powder is, by dropping 
a fmall quantity of water on the lime-ftone, a little w ile before the powder is 
intended to be ufed: the lime will ftill retain a very fufficient degree of heat, 

§ 
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§10. When the rough plafter-work between the joifts 
has got thoroughly dry, it ought to be obferved, whether 
or not, there be any fmall cracks in it, particularly next 
to the joifts. If there are any, they ought to be wafhed 
over with a brufli, wet with mortar-wajh , which will 
effectually- clofe them; but there will never be any 
cracks at all, if the chopped hay and the quick lime be pro¬ 
perly made ufe of. 

§ 11. The mortar-wafti I make ufe of is merely this. 
About two meafures of quick lime, and one meafure of 
common land, ftiould be put into a pail, and Ihould be 
well ftirred up with water, till the water grows very 
thick, fo as to be almoft of the conlifteilcy of a thin jelly. 
This walh, when ufed, will grow dry .-in a few minutes. 

§ 12. Before the flooring boards are laid, a fmall 
quantity of very dry common fand ftiould be ftrewed 
over the rough plafter-work, but hot over the tops of 
the joifts. The land Ihould be ftruclc l'mooth with an 
hollow rule, which ought to be about the length of the 
diftance from joift to joift, and of about one eighth of an 
inch curvature; which rule, palling over the fand, in 
the fame direction with the joifts, will catife*the-fand to 
lay rather rounding in the middle of the interval between 
each pair of joifts.' • .. ' ■ . >, j , j;, j 

. The flooring boards may then be' .laid and fattened 
down in the ufual manner; but very particular attention 
Vol. LXV 1 II. 5 S muft 
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imvft be paid to the rough plafter-work and to the fand 
being molt perfectly dry before the boards are laid, for 
fear of the dry-rot ; of which however there is no kind 
of danger, when this precaution is made ufe of. 

§ 13, The method of under-flooring I have alfo ap¬ 
plied, with the utmoft fuccefs, to a wooden ftair-cafe. It 
is made to follow the drape of the fleps, but no fand is 
laid upon the rough plafter-work in this cafe. 

§ 14. The method of extra-lathing may be applied to 
•deling joifts, to doping roofs, and to wooden partitions. 
It is fimply this: 

As the laths are going to be nailed on, dome of the 
above mentioned rough plafter ought to be fpread be¬ 
tween thefe laths and the joifts (or other timbers) againft 
which thefe laths are to be nailed. The laths ought to 
be nailed very clofe to each other. 

When either of the ends of any of the laths laps over 
other laths, it ought to be attended to, that thefe ends be 
bedded found in Tome of the fame kind of rough plafter. 

This attention is equally neceffary for the fecond layer 
of laths hereafter mentioned (§ 15.). 

§ 15. This fkft layer of laths ought to be covered 
with a pretty thick coat of the lame rough plafter fpoken 
of above (§ 9.). A fecond layer of laths ought then to 
be nailed on, each lath being, as it is put on, well fqueezed 
4 , ■ ' ' and 
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and bedded found into the foft rough plafter. For this 
reafon, no more of this firft coat of rough plafter ought 
to be laid on at a time than what can be immediately 
followed with the fecond layer of laths. 

. The laths of this fecond layer ought to be laid as clofe 
to each other as they can be, to allow of a proper clench 
for the rough plafter. 

The laths of the fecond (b) layer may then be plaftered 
over with a coat of the fame kind of rough plafter, or it 
may be plaftered over in the ufual manner. 

§ 16. The third method, which is that of inter-fecur - 
mg, is very ftmilar, in moft refpefts, to that of under - 
flooring ; but no fand is afterwards to be laid upon it. 
Inter-fecuring is applicable to the fame parts of a build¬ 
ing as the method of extra-lathing j uft defcribed; but it 
is not often neceflary to be made ufe of. 

§ 17. I have made a prodigious number of experi¬ 
ments upon every part of thefe different methods. I 
caufed a wooden building to be conftru&ed atChevening, 
in Kent, in order to perform them in the moft natural 
manner. The methods of extra-lathing and double 
under-flooring were the only ones made ufe of in that 
building. 

(b) If a third kyer trf laths be immediately nailed on, and be covered with 
a third coat of rough plafter, I then call the method trebfa fating j "but this 
method of trebk-fahing can almoft, in no cafe, be required. 

5 S a . " 
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On the 26th of September laft year I had the honour 
to’repeat fome of my experiments before the Prefident 
and fome of the Fellows of the Royal Society, the Lord 
Mayor and Aldermen of the City of London, the Com¬ 
mittee of City Lands, feveral of the foreign minilters, 
and a great number of other perfons. 

§ 18. The firft experiment was to till the lower room 
of the building (which room was about twenty-fix feet 
long by fixteen wide) full of fhavings and faggots, mixed 
with combuftibles, and to let them all on fire. The heat 
was. fo intenfe, that the glafs of the windows was melted 
like fo much common fealing wax,, and run down in 
drops, yet the flooring boards of that very room were 
not burnt through,, nor was one of the fide timbers, 
floor-joifis, or deling-joiffcs,- damaged in the l'malleft de¬ 
gree; and the perfons who went into the room imme¬ 
diately over the room filled with fire, did not perceive 
any ill effects from it whatever, even the floor of that 
room being perfe&ly cool, during that enormous confla¬ 
gration immediately underneath., 

§19.1 then caitfed a kind of wooden building, (of full 
fifty feet in length,, and of three ftories high in the mid¬ 
dle) to be eredled, quite clofe to one end of the fecured 
wooden houfe. I filled and covered this building with 
above eleven hundred large kiln faggots, and feveral 
deads of dry fliavings; and): {jet this pile oil fire. 

' 3 * ' ' The 
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The height of the flame was no lefs than eighty-feven 
feet perpendicular from the ground, and the grafs upon 
a bank, at a hundred and fifty feet from the fire, was all 
fcorched; yet the fecured wooden building, quite conti¬ 
guous to this vaft heap of fire, was not at all damaged, 
except fome parrs of the outer coat of plafter-work. 

This experiment was intended to reprefent a wooden 
town on fire, and to fliew how effectually even a wooden 
building, if fecured according to my new method, would 
ftop the progrefs of the flames on that fide, without any 
aflifiance from fire-engines, &c. 

§ 20. The lafl experiment I made that day, was the at¬ 
tempting to burn a wooden flair-cafe, fecured according 
to my Ample method of under-flooring. The under fide 
of the flair-cafe was extra-lathed. Several very large 
kiln faggots were laid, and kindled, under the flair-cafe, 
round the flairs and upon the fteps; this wooden flair- 
cafe notwithflanding refilled, as if it had been of fire- 
ftone, all the attempts that were made to confume it. 

I have fince made five other ftill ftronger fires upon 
this fame flair-cafe, without having repaired it, having, 
moreover, filled the fmall place in which this flair-cafe 
is entirely with fliavings and large faggots; but the 
flair-cafe is, however, ftill Handing, and is but little 
damaged, 

§ 
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§ 21. In moft houfes it is lieccffary only to Jecure the 
floorr, and that according to the method of Jingle 
under flooring defcribed above, in § a, 3, 4, and 5. The 
extra-expence of it (all materials included) is only about 
nine pence per fquare yard, unlefs there fhould be parti¬ 
cular difficulties attending the execution, in which cafe 
-it will vary a little. When quick lime is made ufe of, 

the expence is a trifle more. 

The extra-expence of the method of extra-lathing is 
no more than fix pence per fquare yard for the timber 
fide-walls and partitions; but for the deling about nine 
pence per fquare yard. No extra-lathing is neceffary in 
the generality of houfes. 

§ 2a. I purpofe giving to the world, before it is very 
long, a detailed account of many other experiments I 
have made upon this fubjed, and of the various advan¬ 
tages arifing from my method, with feveral particulars 
relative to the different parts of each of the methods 
above defcribed, and relative to their joint or feparate 
application to different kinds of buildings, and to the 
different conftituent parts of an ho ufe; to which 1 fliall 
add a full explanation of the principles upon which they 
are founded, and the reafons for their certain and fur- 
prizing fuccefs. In the mean time I have taken the 
liberty of troubling the Society with this fhort account. 


*sn#h 
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XLI. A Method of findings by the Help of Sir Ifaac New¬ 
ton’s binomial Theorem , a near Value of the very Jowly- 

* V«V <^4 ^5 

converging infinite Series x+"— + — + - + -+8cc . when 

2345 

at «• iwy nearly equal to 1 . Sy Francis Maferes, F/y. 
F. R. S. Curjitor Baron of the Exchequer. 


Read July 9, 1778. 

ARTICLE I. 

TF the capital letters a, b, c, d, e, &c. be put for the 
-®- numeral co-efficients of the powers of x in the faid 
feries, fo that a fhall be = i, b = 4, c =j, de =j t 
and fo on, we lb all have b = ^xa, c = }xb, d = |xc, 

E =? 4 x d, 8 cc. and the feries x + — + - + — + -+&c will 

5 ' % 3 4* 5 

be =AT +|A^A; + |-BA: 3 + |C^ 4 + |DAr 5 +4EA' 6 + If^ + IGX 8 
+8ec.; in which feries the fractions 4, 4,4,4, 4, 4, &c. 

which generate the co-efficients of the powers of x in 
the feveral terms after the firft term x, are derived from 
each other by the continual addition of 1 to both their 
numerators and their denominators. 

2. This 
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2. This obfervation fuggefts to ns a method of finding 
a near value of the fum of this feries by the help of Sir 
Isaac newton’s binomial theorem, which may be ex¬ 
plained as follows. 

If m and n reprefent any two whole numbers, the re¬ 


ciprocal of the ~th power of the binomial quantity 1 — at, 
or, according to Sir Isaac newton’s notation of powers, 

the quantity i-xl~, will , according to that celebrated 
theorem, be equal to the infinite feries 


m 

I + - x X 
n 

m m + n _ , , m m + n m + an , 

+ - X -X XX + r~ X X —— X X J 

% 2 n n Olh qu 

m m + n m + 2 n 

4 -X -- x - x 

n 2n . 3?r 

m m+n tn + 2 n m + 3 n m + 4 u 

+ - + - x —— X —4 x —— X X s + &C. 

n 2 n $n 4 n $n 

m 7 ii + n_ ,_ m + 'in _, t m + %n ^ t m + p1 


2 n 
m+ 3 * 
4 n 


x X* 


or 1 +-a*+ 2« 


~BXX +' 


+ fa 6 + gx 1 + H X s + See.; in which feries 
the capital letters a, b, c, d, e, f, g, h, Sec, Hand for i 
and the co-efficients of x, xx, x % , x 4 , a 5 , x\ x\ x\ &c. 

Now it is evident, that the generating fractions n 


■ CA 3 + ^ DA- + „ 

3 n 4 « 5 * 


EX- 




m + 2n ^ m+ ^ m + 4 m + $n m + bn^ 


m *|- 7 n 


4 n $n 

rived from m 


, -- y > See. arc de~ 

and from each other by the continual 

addition of n to both their numerators and denomi¬ 
nators. Therefore, though they are greater than they 
would be if m was fubtradfced from the numerator 

of 
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.V 4 

+ V + 


+ See. 
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n 7 Ji 3 n 4)2 


of each of them, that is, than the fractions —-5 - > —»— , 

2 n 3 7 4/2 5 « 

=& Sec. and confequcntly, than the fractions t, •*,. 

f, f, {, ~, Sec. which are rdpcdtivcly equal to y 

S’ & I 5 S’ &c - Yet > thc further we go io the fciics, 

the lefs is the proportion in which they'exceed the latter 
fractions; infomuch that, if we go far enough in thc 
feries, we may find terms in it whofe proportion to the 
correfponding terms in the feries ~, ~, I, i, 2, See. 
fiiall approach as near as we pleafe to a proportion of 
equality. And, by taking n of a very great magnitude 
in comparifon of ;;z, we may even make the firft terms 

of the feries —— > ———» ~~~' J ——> ——j 

2/2 3/2 4*2 5>2 6/2 pi 8// 

etc. approach very nearly to an equality with the cor¬ 
refponding terms of the feries j, *, -\ 7 1 , See. which 

are the generating fractions of the propofed feries 


XX ,v 4 A'* X 1 ,v° a' .v” n • >T , , . 

;v+ - + ~ + — + “ + 7 - 4 4 -a-+ See, In order to this, 

2 3 4 5 & 7 <> 

let ?>7 be taken - 1, and n~~ 1,000,000,000,000, that is, 

= a billion, or the fquare of a million, which, to avoid 

the frequent repetition of fo many cyphers, we will call b. 




Then will i-xl or 1: 


■ A'i 


or 


I — A i 


,be 


I ■ t 4^ i 4 2^ » * 1 -jw . 

I + rA,t+ 1F B.W~C^+ 1 fD^+ ^ 


lq.I±3*n r4x L2_r E ^5 


1 4* 4 A 


1 + ^ 6 14-6// * ■ 1 4 ?^ 

W K+ >- ft, + TT 


h J 


Vol. Lxvm. 


&x s + See. which, on account of 
5 T the 
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the great magnitude of by zb, 3 b, 4 b, 5 b , 6 b, 7 b, &c. in 

comparifon of 1, will be almoft equal to (though fome- 

what greater than) 1 + ~ a a+ ~baa+“CA 3 + ~~vx*+ 
+^fa 6 + ~ga 7 + ha ’ 8 + &c. or 1 + j aa*+-’-b,v^+ |c 1 x ' 3 + 
-iD^ + jEa ? 5 + |fa " 6 +{g,x 7 + -|ha ? 8 + Sec. or i+^-xi^ 
+ jX | xl x AA+yX-ix I X I x A 3 +|><yX -*-x ~ x I x A ' 4 + &c.. 
ori + jx + j x~xx+ j x j x x $ + 1 x ~a 4 + Sic. or 1 + j + 

+ i J + £ + T> + *> + f **%> +&c * Therefore > multiplying 
both lldes by b, we fhallhave 5 x — —- nearlv = b + x + —. 

J * .——^ t * $ 

1 

+ J + lT + l‘ + ¥ + y + T + ^- c * ’ and,fubtradting £ from 

Doth ndeSj ^+— * — + — + — + -j + — + -g-+ See. nearly 
***34 5 * 

-bx —-- b-bx P—jg- b j that is, the propofed feries 

I — *) j* 

b 

#+ ~ ~ + i + i 4* &c* will be nearly equal to 

3 * s 

bx f~^j~—b. We muft therefore firft fubtradt x from 
i, and then divide 1 by the remainder, which will give 
us a quotient equal to—™* And, having found 
this quotient, we muft extract its £th, or 
1, 00 0,0 00,00 0,0 ooth, root, and multiply the faid root 
by by or 1,000,000,000,000; and, laftly, from the pro- 
dueft we muft fubtradt b, or 1,000,000,000,000: and 

• .the 
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the remainder thereby obtained will be nearly equal to 
the propofed infinite feries v r + ~- -f + — + — + + ~ ? + 

1 1 234567 

Sec. q. e. 1. 

An example of the foregoing method of fumming the faid 

infinite feries . 

3. As an example of this method of finding the value 

of the feries ar + '-j + — + — 4- - + -g- + &c. let us fup- 
pofe x to be equal to 

Then we lhall have i-.v = i - f = f-, and — =10. 
Now, fincethe logarithmof 1 o in briggs’s Syftem of loga¬ 
rithms is 1, the logarithm of the 1,000,000,000,oooth 
root of 10 muft be the 1,000,000,000,oooth part of 1, 
or muft be = .000,000,000,00 r. This logarithm is 
too fmall to be found in the common tables of loga¬ 
rithms, which go only to feven places of figures; and 
therefore the number correfpouding to it, that is, the 
1,000,000,000,oooth root of 10, cannot be found by 
the help of thofe tables; but it may be found in the 
manner following. The 1,000, 000,000,oooth root of 
10 is a number that is fume what, and but a Very little, 
greater than l; That number, therefore, and 1 will repre- 
fent two ordinates to the axis, or afymptote, of a lqgarith- 
mick curve that are very nearly contiguous to each other: 
whence it follows, that the fub-tangent of‘the curve will 

5 T 2 , bear 
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bear very nearly the fame proportion to the leffer ordinate 
j, as the abfcifs of the axis intercepted between the two or¬ 
dinates, that is, as the logarithm of the ratio of the greater 
ordinate to the Idler, or the logarithm .000,000,000,001, 
bears to the difference of the laid ordinates. Say there¬ 


fore, as .434,294,481,9 (which is the fub-tangent of 
the logarithmick curve in briggs’s Syitcm of Loga¬ 
rithms) is to 1 (or the leffer of the two ordinates) fo is 
.000,000,000,001 to a fourth number, which will be 
.000,000,000,002,302.585,093; and this fourth 
number will be the excels of the greater of the laid 
two ordinates above the Idler, or of the billionth root 
of 10 above 1. Therefore the billionth root of 10 
will be = 1.000,000,000,002,302,585,093; which, 
being multiplied by 1,000,000,000,000, will be = 
1,000,000,000,002.302,585,093; from which if 
we fubtracl 1,000,000,000,000, the remainder will be 


2.302,585,093. Therefore a.302,585,093 

equal to the infinite feries x + * x + — + — + — 

2 3 4 5 


+ Sec. when x is = eg e. i, 


is nearly 



4. This number 2.302,585,093 gives the value of 


the feries x + 


XX X 3 



4 * 


- + -J+ Sec. exadt to nine places 


of figures, the error being only in the 10th. figure 3, 
which ought to be a 2 inftead of a 3, the more accurate 


value of that feries (which is equal to the logarithm of 


4 


the 
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the ratio of 1 to i-x in napier’s Syftem of Logarithms, 
that is, in the prefent example, to the logarithm of the 
ratio of 1 to -~ s , or of 10 to 1, or to napier’s logarithm 
of 10) being 2.302,585,092,994,04. 

5. I believe that fimilar applications of the binomial 
theorem may be made for the fummationcf other flowly- 
converging infinite feriefes, whenever the generating 
fractions (by the multiplication of which the numeral 
co-efficients of the terms of fuch feriefes arc produced 
from each other) are formed by the addition of a given 
number to both their numerators and denominators. In 
our endeavours, therefore, to fum fuch feriefes it will be 
proper to attend to the law of the faid generating frac¬ 
tions. 
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;XXJI. A 'Method of extending Cardan’s Rule for refolding 
one Cafe of a Cubick Equation of this Form, a’ 3 * - qx 
~r, to the other Cafe of the fame Equation, which it 
is not naturally fitted to foldie , and which is therefore of - 
4 en called the irreducible Cafe. By Francis Maferes, 
Efq. F. R. S. Curfitor Baron of the Exchequer . 


’Read July g, 1778. 

ARTICLE I. 

I T is well known to all perfons converfant with alge¬ 
bra, that cardan’s rule for refolving the cubick e- 

quation x 3 -qx=r is only fitted to refolve it when — is e- 

3 

qual to, or greater than, or when r is equal to, or 
greater than, , and that it is of no ufe in the rcfolu- 
tion of the other cafe of this equation, in which r is of 
any magnitude lefs than Ef*, For in this cafe ~ be- 

comes (according to the ufual language of algebraifts) a 
negative quantity, and confequently its fquare-root be¬ 


1 


comes 
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comes impoffible, and the expreffion given by cardan’s 
rule for the value of x (which is either \J[-+ ^' 

===== or 


4 - 


aV’R 


c 

2 7 


V 3 ffwf 



-n 3 

i 

2J 


nr 

2J' 7 

* j 

u v 

4 


('+• 


and there- 


involves in it the impoffible quantity/ 

- * t 

fore is unintelligible and ufelefs: or,, according to what 
appears to me a more correct way of fpeaking (who ne¬ 
ver could form any idea of a negative quantity, and ne¬ 
ver underhand by the ftgn - any thing more than the 
fubtra&ion of a leffier quantity from a greater), the quan- 
tity Z-l 1 becomes itfelf impoffible, or the fuppofition 

that is greater than t, (which is one of the founda- 

tions of cardan’s rule), is no longer true, and confe- 
quently the rule itfelf, which is built upon it, can no 
longer take place. 


2. Nevertliclefs it is poffible, by the help of Sir isaac 
NEWTOftfs binomial theorem, to extend this rule to this 
latter cafe, in which ~ is lefs than <J \ and which it is not 

of itfelf fitted to refolve;. or, to fpcak with more accu¬ 
racy, it is poffible to derive from the expreffion of the 
value of x given by cardan’s rule for the refolution of 
the equation x 3 -qx-r in the firft cafe, in which - is - 

' 4 

greater; 
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3 

greater than another expreffion fomewhat different 
from the former, that fliall exhibit the true value of x 
in the fecond cafe, in which — is Id's than provided it 

4 2 7 

be not lei's than , or q — : and this without any men- 

2 x ~7 54 

tion of either impoilible, or negative, quantities. To 
fliew how this may be effected, is the dcligti of the fol¬ 


lowing pages. 

3. That the whole of this matter may be feen at one 
view, it will be convenient to fet forth the foundation 
and inveftigation of cardan’s rule for refolving the e- 
quation x 3 -qx~r , when ~ is greater than which may 
be done as follows. 


Ehe Inveftigation of Cardan’s Rule for refolving the Cubick 
Equation x 3 * - qx~r , when - is greater than 

4 “ 2 y 

4. Previoufiy to the inveftigation of this rule, it will 
be proper to make the following oblervat ions. 

Obs. 1. In the equation x 3 -qx~r (which is a propo- 
fttion affirming that x 3 is greater than qx, and that the 
excefs is equal to r) xx rntift. always be greater than q, 
and x than %/q. 


Obs. 
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, Obs. 2. While x increafes from Vq ad infinitum, x’> 
will increafe continually from qV'q ad infinitum, and qx 
will increafe continually from the fame quantity qs/q ad 
infinitum . 

Obs. 3. Alfo, while x increafes from \/ q ad infinitum, 
the excefs of a * 3 above qx will, increafe continually from 
nothing ad infinitum, without ever decreafing. For, if 
we put x to denote the increment which x receives in 
any given time, either fmall or great, qx will be the in¬ 
crement which qx will receive in the fame time, and’ 
3A" 2 ^; + 3 aw*+ x z will be the increment of a 3 in the fame 
time. Now, fince xx is always greater than q during 
the whole increafe of x from being equal to \/ q ad infi¬ 
nitum, xx xx will be greater than qx during that whole 
increafe. Therefore, a fortiori, 3AWV+3XV 1 +a 3 (which 
is more than triple of xxxx) will be greater than qx; 
that is, the increment of x l will be greater than the con¬ 
temporary increment of qx during all the increafe of x. 
Confequently the excefs of a* 3 above qx, or the com¬ 
pound quantity x l -~qx, will continually increafe, with¬ 
out ever decreafing, while x increafes from Vq to any 
greater magnitude. 

Obs. 4, Since the compound quantity x l ~ qx increafes 
continually at the fame time as x increafes; and, when 

Vol. LXVIIL 5 U ^ is 
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» i» equal to is (= 

Vq 


2 qVq 


\ it follows that, if x is greater than the com- 

3 ^ 3 ^ 

pound quantity x 3 -qx. will be greater than and, if 


x is lefs than the faid compound quantity will be 

V 3 

lefs than ; and, e comerfo, if the compound quan- 

3 v 3 

tity x^-qxj or, its equal, the abfolute term r, is greater 
than the value of will be greater than ; and, 

if x z - ox, or r, is lefs than the value of a? will be 
lefs than ^; or, if - is greater than a? will be great¬ 
er than — and, if - is lefs than x will be lefs than 

Vl 4 . 2 7 . 

a >/‘l 

vt" 

Obs. 5. When r is greater than or -is greater 

S' 

than —, and confequently (by the laft obfervation) x is. 
2 1 

greater than , xx will be greater than i?, and — will 
be greater than K But - is the fquare of —. There¬ 
fore when r is greater than X, or - is greater than -> 
the fquare of half x will be greater than ■£„ But (by 

luCLIO’S Elements, Book II. Prop. V.) it is always pof- 
fxble to divide a line,, as x 3 into two unequal parts infuch 

a pro- 
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si proportion that the rectangle under its parts fliall be e~ 
qual to any quantity that is lefs than the fquare of its 
half. Therefore, when r is greater than 0 r - is 

3^3 4 

% 

greater than L, it is poflible to divide the line, or root, x 
into two unequal parts of fuch magnitudes that their 
redangle, or produd, fliall be equal to -L, This obfer- 

3 

vation is the foundation of cardan’s rule for the refolu- 
tion of the equation x'-qx-r in the firft cafe of that e- 
quation, o'r when r is greater than or - is greater 

than -; the invcftigation of which is as follows. 

z 7 

P R O B L E M. 

5. To refolve the Equation x^K-qx-r, when r is greater 

than or - is greater than 
3 v 3 4 * 27 

SOLUTION. 

Since r is fuppofed to be greater than ~£~1, and con- 
fequently (by Obf. 5.) — is greater than L, it is poflible 

for x to be divided into two unequal parts of fuch mag¬ 
nitudes that their redangle, or produd, fliall be equal 

to —. Let it be conceived to be fo divided; and let the 
3 

. . • 5 U % ; greater 
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greater of tiie two parts be called a , and the lefler H 
Then will ab be = and confequently 3 ab will be = q r 

and 3 abx W+b will be = q x a + b. 

Now, fince a+b is equal to x, we fhall have a 3 + 3 ctah- 

+ 3 abb + b 3 = x 3 , and q x a+b = qx. Therefore x 3 ~qxr 
will be ~a 3 + 3 aab + ^abb+b 3 -qx a + b = a 3 + 3 abx a+b + 


b 3 -qx a+b' r that is (becaufe 3 abx a+b is =qx a+b ) # 3 —, 
qx will be = a 3 + b 3 . Therefore r (which is = x 3 - qx). 
will be ~a 3 +b 3 . 

But, fince 3 ab is = y, we fhall have b =L, and b 3 = 


Therefore a 3 +b 3 is ~ +™,. and r (which is=<? 3 + 

3 3 

^ 3 ) is ~a 3 +^— x . Therefore ra 3 is =</’+—, and ra 3 ~a ( ' is- 

^ 27a* zy 



But ra 3 - a 6 is the product of the multiplication of 
r-a 3 into a 3 , which are together equal to r. Therefore- 
(by El. II. 5.) ra 3 -d* mull be lefs than the fquare of half 


r, that is, than and confeqnently may be fubtradled 

% 

from it. Let it, and its equal L, be fo fubtradted.. And 
we fliall have ~~ra 3 +a 6 =~ - q ~.. Therefore the fquare- 
root of j- ra 3 + a 6 will be equal to Jp-TZ. But the 

4 1 4 *}t 

fquare-root of ~~ ra 3 + is the difference of S. and # 3 , 

that 
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that is, either E-a 3 or a 3 -E, according as — or a 3 is the 

greater quantity. But it has appeared above that a 3 and 
b 3 together are equal to r; and a is fuppofed to be greater 
than b, and consequently a 3 is greater than b 3 . There¬ 
fore a 3 rauft be greater, and b 3 lefs, than Therefore 


a 3 ~~ is the difference of a 3 and and confequently is 
the fquare-root of the quantity -~ra 3 + a\ Therefore 

Vf“ 


r * 

■ — IS- 

2 


-- , and 

zy 

a 3 

is 

r , / 

r .■■ 

rr 




JL 

2 y 

4 ^ 

2 7 


4 


'rr q* 

4 f 


Confe- 


be=^-. Therefore^is: 


3 * 




But b has been fhewn to ■ 


=; : and confequent— 


ly a+b r or x, is =^j 3 ~ + \J 


rr q 

4 «7 


rr 


2J 


3\J 5 

•f + JI 

rr 

y 

2 V| 

4 '27 


e; ii- 

6.- This expreffion may be rendered more fimple by 
fubftituting the lihgle letter s in it inftead of 

For then it will be ^ 


rr - 21 . 

4 a?' 


• + XHH 



i iz 


Syntbetick Demonjlration of the Truth of the foregoing 

Solution. ■ ....: ;:vy7 

7 *‘ That this expreffion is equal to# in -the qqhatioh 

x 3 — 
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x=.-qx — r will appear by fubftituting it inftead of x in 
the compound quantity x*-qx, which will thereby be 
feen to be equal to r, as it ought to be. 

' This may be done in the manner following. 

Since x is=/ J J--+. 


- 4- S *4“ - 




or 


• 4 s 


■ + J 


4 —: 

r 

t 

3 x 

— 4 J 

T 


:• • . * ; ? r r* • 1 , ,« r - 

we fliall liave =■—+s 4 * 3 x 

z 


— +s 1 


3 -X- 


3 * 


■i+ii* 


+ 3 X 


■ +s\y 


r-f- 

T 


+ 


9 X T + s 1 a 7 X T + x 


fZ 


—+r+tfx --+J 5 '+ 
2 & 


M 


■; and qx^qx /+ +■“ 


?? • 


-A+27J- ; 
quently x*-qx =— : + J + 


3 * 1 - 7 +'* 


3 * !~+4 
; and confe- 


T , 


2*1 r 


+-&7 i* 


r < 7 * r 

—— i* 4— -w ~~“——— tm -— + S + 

2 2 7 r ^ 54 * 2 


* 7 *" + 54 * 


r 27* 

7—I- S 4 


7 r+ 5 +j 


Nw,«,-OT J : is . or > **wc.put 


108 *■* 36 x 3 

rr 


nm - 27?T~ 47^ we fliall have \ri, or ~. - =~~, and 


Therefore ~~f~ 

6^3 a 7 r + S 4 ' 


X a 4/ 3 X / 


•is; 


2/ 


27> 4 * S4 x m 6 X '27 X V 3 X r 4 54/H“ 
6 4/3 6 V"5 




_ , 3a/ 3 x Thprf'fnrA f . , 2/ /^ : c -~, - « 

A/3 xr49^ * s 1 UCXCiOIC. J 

„ vV>< f _ _ 27^3X^49^436// 4 ^ 3 4/3 X m 4 mm 4 4/ 

^yv's X f+gw ~~~ 6 x 27 x 3r 46 x 9 x a?V >o 5 * * ^^+7!73ir/w ~ 

3, 4 * r» +JJIL ~ 4 ? 3 + 47 3 *_ ■_ „V 3 X ?•» I+ 9 JT. ; , jr 

' 54 '’+ 6•/jX« “*• 54 ?‘+&* j8r+3 'Tpirn 9 ' ana a + 

■■■?>• 1 jr+ 
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2/f - o __ r + y 3 X rm+yrr _ 18rr-j- 2 a/3 Xrm + jv'jx rm + iSrr 
, r +54 ~ i8r+ 2 a/3 X m ~~ 36/”-f 41/3 xttz 1 

3 6.- t +4 _ v , 3 > <^ _ r But we have before fhewn that x % -qx 


r+ 


+ 4V3 X 

• r 

IS 




a Therefore f-qxh-r, and confequent- 


17 sj 3 


— 3 h JT -f** - 


1 3 

f 


1 _+ £ 
2 


is the true value of x in the cu¬ 


bicle equation x‘ i ~qx=r. Q. E. D. 

%wo other Expreffions for the Root of the foregoing E- 

quation . 

8. Two other expreffions may he found for the root- 
of this equation by refuming the inveftigation con¬ 
tained in Art. 5. The firft of thefe expreffions is 

q ' r, or (if we put jjyas- 


fT-fi 

before, 


- + 
2 7 


rr f 

4 . 2 7 , 


-W’F 7 


r 

2 7 


/If 17 


The other ex- 


— 


h ' r 

/[=-“£+J 

3 r 

/T < 7 * h 

r 

/ 1 -H\ 

■-/ 

— 1 ~ or * / 

</ 2 > 

1 4 27 \ 

J 2 \ 

4 * 7 ’ \ 

2 


“ +J’Hh 

r, Thefe expreffions are to be found in the fol¬ 
lowing manner;. 

Invefligation of the faid Expreffions* 

g. In Art. 5. we fuppofed the line at to be divided'in- 

• ’ " t® 
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to two unequal parts a and b % of which a was fuppofed 
to be the greater ; and we firft found the value of the 
greater part a, and then determined that of the Idler 
part b from its relation to a, which is exprcficd by the 
equation $ab - q. But we may with the lame cafe firft 
determine the value of the letter part b, and then derive 
from it that of the greater part ft; which would produce 
the firft of the two exprefiions of the value of x men¬ 
tioned in the laft article. This may be done as follows. 
Since it has been fhewri in Art. 5. that r is = a 3 +b 3 , 

and 3 qb is = q, and confequently a is =~, and a 3 to a 

3 3 

it follows that r will be =~+b 3 . Therefore rb 3 is=~ +b 6 , 

27b 27 7 

. , 

and (fubtrading b c ‘from both fides) b (l is=~. There¬ 

fore (fubtrading both fides from than which they are 
evidently lefs), we fliall have ~-rb 3 +b 6 =- _ There- • 

*’ 4 4 2 7 

fore the fquare-root of - - rb 3 + If' will be = . Ii’ r - f!. 

.4 \ + 27 

But the fquare-root of ~~rb 3 +b h is the difference of the 

4 

quantities -f and b 3 , that is (becaufe b 3 is the Icffer part 
of a 3 +P, or r, and confequently is lefs than the half of 
it,' or S) it is = Therefore -- & i 3 = fizZt. 

2 2 2 y I 4 27 

Therefore (adding b 3 to both fides) ~ will be = b 3 + 

V 
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- *- 9 and (fubtra&ing yj 'S _ L from both fides) b % 


will be 


Z_!l 
'+ f 


Therefore b is 


and a (=1) is 



sV'JWIFS 


an d confequently b+a. 


or or at, is 


14 27 


(if we put ss=Z-i-) pflg ] + 



3^1 


<?. E, I. 


Syntbctick demonfration of the truth of the foregoing ex- 

preffton . 

10. Here again we may demonftrate fynthetically, 
that this expreflion is equal to the true value of x in the 
propofed equation a; 3 - qx = r, by fubftituting it for x in 
the left-hand lide of that equation. For, if we make 
that fubftitution, we (hall find that the value of a; 3 - qx 
thence arifing will be equal to r. This may be done in 
the manner following. 

lfxis= s j s \E-s+— *==, orT^\i+ -,we 


r 11 
; —.-J- - 

Z 


ihall have ar 3 =I— s+ 3 x 


S^> 


•+ 3 x— 


Yol. LXVIII. 



9 x 4; 
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n 


9 x 


■s* 


17 x 


' r fir ~ *1 1 

— s + qx' -rp-+- 




f r 

^7 x 


and (jar ~ q x s * 


l ,jr +- 




3 x i 


3 x i ~ s 


and confe- 


quently x' i -qx~—-s+ 


17 


*r 


r . ()' 

2, 27?* 


271 


27?*, 5.4* ,2 54* 


Now jj, or 


rr <r 

c _ J 


4 ~7 


IS: 


27/'^* — 4^3T 

iq8 


*JlLzJL. Therefore if we put mm^zjrr-Aq 3 , we fliall 

36 X 3 


have xt 


H 


mm. 1 ' _ 

-7—, and s 

36 X3 7 

zf 


2 t'i ** 


7-7-. Therefore- 

o v 3 ay/-— S4 J 


IS 


I 2 A/3 X // 3 


a/ 3 x -7 I 


Therefore 


■ 54 m *6 X 27 X v'3 X— 54 OT . 6X27X V3 X >'—54/// 27X1/3Xr —9/a 

a 7 ^ _ "gy /3 6V3 

JL-/+-21- is — z W»L_ = JL 

2 - 27;’ — 54* 2 o V3 27 x v'jXr-.gw 2 

— 27 X' ^3 X ^ 4 9«ijw + 3 % 3 _ ^ *" 3^ 3 X rm *f 4- 4# 3 _ r 

"C 54 3 x 7/2 ~~ 2 54 >'~~ 61 / 3 x w ‘ T 

~3 \/$ Xrm~b zirr-tyr'+ 4 *f _ r - 3 V* 3 X/ 7 ;/ 4- zyrr^ $4.rr~*(n/$Xrm^6 ^ $Xrm 4- g 4 rj» 

* 54r— 6 V3X m ~~ 2 54 r — 6 V^Xw ioBr — 12 

io8rr — 12 V3X rm 

108 V — 12 V 3 X ^ * 

• x^’—qx is =~—jr+—fl 

1 z" 2fr~sv 


: r. But it has been before fliewn that 


Therefore x 3 - qx is = r ; and 

*/' —ot' 

\/ 3 — - s +—is the true value of x in the cubicle. 

V ,,•* 1\ r 

\ ; 

equation x^-qx-r. Q. E. D. 


Inveftigatioft 
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Investigation of the third exprcjfmi of the value of the 

root x. 

11. The third expreflion for the value of x, or the 
laft of the two mentioned in Art. 8. to wi 

4 



2. \ 14 27 


-+s 


a?, follows. 


r-a z is = r- 


is 


sa r. 


as before, =---,) 


r- 

r 

— j, 
z J 

/s that b 

■■=i+4 

t 

2 7 * 

fl. 

. /F 

1 2 

V* 4 

~4 

1 , rr 

l 4 

T~™ 


j, may be obtained 


Therefore 


y O? and b is = V ! ' ‘ tnd ox 

~ 7 >. ° r (putting fx, 


- HrJT 4~ / 




Synthetick demonjlrationpf.ipqjtyttf ofthe/qi^thi^d ex - 

.••'.-if dfwti ;ivh \V;: 7 l u\’P$$ 8 $Rn-:>\ S oh .. .H M'\ • 

ra; •' Het& again may demorifthtte • 
that this e^jpi^Hi'bh is equal to the true value bf ’hi hi the 
equation x l - qx - r, by fubftituting it for x in the left- 
hand fide of the faid equation. For, if we make that 
fiibftitutioiij we fliall find that the value of x 3 -qx t 

5X2 thence 
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thence arifing, will be equal to r. This may be done 

in the following manner. 


If X- is = 
fliall have x 


3 r 


+■ s + 


r s, or!“+ jf+IT-j 
2 ' 


3 — 4. ^ x y— 4* S J J x 


2 

|l + 3 


xC 


-|r Cr -’*• 

+ S p'xl —-i T 
2 2 1 


+7- j— r + 3 x |-b+ s 

% | r ] r r 

i- x I7— J-j-*' - 4 - 3 X — 4 - J 

1 X 

-l-j-jf r=r+ 

3*lf +, l } * 

r x 

- \-S *x 

2 

[T_rjl +5 x A +i J} x • 

n 

— S 
z 

|t x 
l 2 

r*+ 3 x. r — + s 

1 f rr It rr .11 1 r 

fx —Afb+j.x — ~ss J * x J— j- 

*•4 4 * * * "2 

•J=T + 3X |~+J'jp* 


Tr x J 


■ 3 *[ 


rr rr q 
+ 


4 4 + 2 j l T+ 3 4 4 *7 

V 


l r.~^=r+3x. 


““““— 

+ x l 1 - *+ 
2 J ‘27 


df=r+3x 


+7|lx-y+3 x-yx 7 ~~ 77 =: r+yx 


xJ - 
*4. 

c ? i r 

3*f 2 yf x t 

j_L + jl j + <7 x y— jj*. And' qx. will be, = y x [7+4' + q x 
jZ- 7 jf. Therefore x y ~qx will be = r + y x |A+ jji + y x 
[l— j- ji - q x [A+ 7 J* ~ y x — j] 1 = r; and confequently 

ll+jj** jj—sj’, ° r ^ J f 7 +■ Jr+ aJ 3 (7"■ J , is the true value 
of # in the cubick equation a? 3 - ya:=r. 


13. N.B. I do not remember to have feen thefe fub~ 
ftitutions,. or fynthetical demonftrations of the truth of 
the expreflions given by cardan’s rule, in any book of 
algebra. 


14. An 
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14. An Example of the Refolution of a Cubick Equation 
of the aforefaid Form, — qx — r, by means of each of 
the three foregoing Expreffions. 

I will here infert a fingle. example of. a numeral equa¬ 
tion, of. the foregoing form, x^-qx-r, refolved by each; 
of the three expreffions above-mentioned^ in order to* 
ffiew that they will all three bring out the fame number 
for its root-,. 

Let it therefore be required to find the value of x in; 
the cubick equation x r ~ 3#= 18. 

1.5, In this equation q is = 3, and r is = 18. There¬ 
fore Vq is =\/3, and is =•■which is great¬ 

ly lefs than 1.8,.or r. Therefore this equation comes * 
under the above-mentioned rule, and may be refolved; 
by either of the foregoing expreffions. 


Refolution of the equation x 3 ~$x=x$ by the firjl.of, then 

faid expreffions. 


16. The firft of thofe expreffions is s^j 3 


4* S *frr 




===, in which j.ftands for^ 

-+J;, 


n.' 


Nbwr. 
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Now,, fince q is = 3, -- will be = •]-= i, and confcquent- 

lv or tlie cube of q , will alio be = t. And, fince r 
j *r 3 

is = 18, we filial 1 have -~=9 j and ~=8 x, and confequent- 

2 4 

ly " _ 'L ~ 81 -1 = 8 o; that is, ss will be =80. There- 
fore s is = s/8o = v / 16 x \/5 = 4s/5; and — + r is = 9 + 
4 -v/5 = fC L jfAl ~ ; and confequently 


r h+j-is Therefore 

2 2 


*4- J IS 


3X3 + 


t__ is = 3 x —= 4 == = —; and 

h r 3X3 + v^S 3 + ^S 

I, T +s 


■+ s + 


l ig — 3 + yb + 2 — 3 + Vj>l x 3 + V's +_4 — 

3N / j |f77 3 3+3/5 

5=3. Therefore 3 is 

axfi+v'S 2 X[ 7 +lf$ ' ° 

the value of x in the equation x*-$x- 18. And fo wc 
fihall find it to be upon trial: for, if sc is taken = 3, wc 
fliali have a,’ 3 =27, and 3^=3x 3=9, and.v 3 ~ 3,v-~ 27-- 
9 = 18. And thus we fee that the fir ft of the three fore¬ 


going expreffions, to wit, 4 Jb 


+ s 4 * 


41 ? 


given us the true Value of * in this equation. 


Refolution 
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» 

Refolution of the fame equation by the fecond and third of 
the foregoing exprejfons. 


17. We are now to refolve the fame equation x* - %x 


I 31 r ~s + 

. 1 and . ! 3 f r , , , L h ! 

r 


r-;. -? tUiU V 1 2 + S + \/ 

-X y ‘ 

\ 2 

2 


j-. 


Now, iince r is = 18, and s has been fhewn to be 
=\/8o, or 4%/5, we fhall have — - r— a</* — ZfL“3*^/5 

V- . ‘7SS+V-SS S ) and ^ 




s= 9~Ws- -8—- 

Therefore 




s Is 


zHSlzfA } and 




= 1S 


3 


3 X 3 — V 5 


3 X 


2 _ ' 2 

3x3- Vs 3 -Vs 


Confequently 




3- Vs , 2 _3->/s x 3—/S + 4 ~. 9 — 6 Vs+S + 4 _i8^ -6 V ' s _9-3 

2 3 -VS 2 x J-i/j 2x3-V5 2 x 3-V5 3"— Vs ~ 

3. Therefore x is = 3, as it was found to be 

3'"™ vS 

by the firil expreffion. 

18. The third exprcffion j is in the 

prefent cafe = 3. Therefore by this 

expreffion, as well as by both the former, the value of 
x in the equation x 3 ~^x= 1 8 comes out to be 3. 


6 


19 . Note* 
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19. Note. The foregoing method of refolving the 
cuhick' equation x $ ~qx=r, when r is greater than z dNl, 

3 v' 3 

or - is greater than and a like method of relolving 

the cuhick equation x % + qx =r (which holds good in all 
cafes, whatever he the magnitudes of q and r), are ufu- 
ally known by the name of cardan’s rules, becaufe 
they were firft publiftied by him in his treatife of alge¬ 
bra, Entitled, Ars magnet, quam vulgo Cojfarii vocant,feu 
regulas Algebraicas, in the year 1545, although, as he 
himfelf informs us, they were firft found out by one 
scipio FERREUS of Bononia. See wallis’s algebra, 
Chap. XIII. 

Of the fecond cafe of the cuhick equation x~~qx~r ; in 

which r is lefs than IdffL or - is lefs than —, and which 

3 v 3 4 Z T 

cannot be refolved ^cardan’s rule. 

ao. The remaining cafe of the cuhick equation a 3 ~ 
qx-r, in which r is lefs than or - is left than tJ ~, 

* , 3^3 4 27 

and which confequently cannot be refolved by the rules 
above-mentioned, has, upon that account, obtained a- 
mongft algebraifts the name of the irreducible cafe: at 
leaft it is often called by the French writers of algebra. 
le cas irreducible. The objed of the remaining pages 

of 



Second Coje of the Cubick Equation x^-qx-y. ^21 
of this paper is to drew how, by the help of Sir Isaac 


newton’s famous binomial theorem, the foregoing fo- 
lution of the other, or firft, cafe of this equation may 
be, as it were, extended to this latter cafe, or, rather, 
may be made the means of difcovering, by a very pecu¬ 
liar train of reafoning, another folution, that fliall be 
adapted to it. 

1 1. By the binomial theorem it appears that the cube- 
root of the binomial quantity a + b (in which a is fup- 
pofed to be greater than b) is equal to the following in¬ 


finite feries, to wit, d + 


aii 

3« 


9 a s Si« 3 


io«h v 22aii s 

---- —----- 

729^ 


+ 2618 a \ f _ 
6 $6ia° X22,y&t a 1 

jf, _ ioh * 

<)a x 8 ia* 243a 4 


See. or to di x the infinite feries 1 + 


3 s 


22P 1543 s 2618J 7 

729^ 6561a 15 4 137,781a 7 


See. or (if we 


put the capital letters a, b, c, d, e, f, g, h, &c. for the fe- 


veral numeral coefficients, x,}, i, JJJ., T ^J± T} 

Sec. of the terms of the feries, refpedtively,) d x the 


infinite feries 1 + 


iKb 


3 a 


M l gCP 

- —— 




9 a 


81 )// xtEP 
* 4,, 


1 zt-r 


15<r 


14F# 6 tyGP' 

.- “ 


18^ 


iia* 


Sec. in which feries both the numerators and the deno¬ 
minators of the generating fractions, {, 44? 1 f> fr> 
&c. following the fecond term, increafe continually by 
3, £b that it will be eafy for any one to continue the fe¬ 
ries to as many terms as he ihall think proper. 

22. In like manner the cube-root of the refidual 
quantity a~b is found by the fame binomial theorem to 
Yol. LXVIII. 5 ,Y he 
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be equal to the infinite feries af~~ 

* 3 a 0« 8u* 3 34.^+ 


&c. or 


A 3 a 9 a oia J 243a 4 

2 2aiP 1 261 BarP Q(r .^ _ , ^ . n . ^ . 

729^ 6561^ 137,78i<* ; luu ^ 

T __ l $ 7 ' ^ 5/^ ^ to// ■ 22/r 3 T 54//’ 26 tB/; 7 0 

^ 3# ya' 8i<# 3 243^ 4 729#'’ 65610“ 137,78xT? 7 ^ 

rft x the infinite feries 1 —— — - SHI _ £!£! __ __ 

3# (vr t)^ 4 12« 4 x 9<-2 s 

•~pr - I -^~- 8cc. in which feries the numeral coefficients 

of the feveral terms are the fame as in the feries that 
expreffes the cube-root of a+b, but the terms which 
involve the odd powers of b (which in that: feries are 
marked with the fign +, or all added to the firft term,) 
are in this latter feries marked with the fign and are 
all to be fubtradted from the firft term, as well as the 
terms which involve the even powers of b, which are 
to be fubtradted from the firft term in both feriefes. 

PROBLEM. 

23. Let it now be required to refolve the fir ft cafe of the 
cubick equation # 3 - qx ~ r 3 in which r is greater than 

77 P or f » greater than l, by means of an infinite 

feries derived from the exprejftons given by cardan’s 
rule. ■ : ■ , ■ -: ^ 

.oXu' t, 1 o N. , 

We have feen in Art. n. that, if ss be put =- - t f 
the value of x in this equation will be = J’fdT+r + 


+■ s + 



V f! 


Second Cafe of the Cubic'k Equation x^-qx-r. g %p f 
s. For the fake of avoiding fractions, let e be 

But 


put -f. And we fhall have x=\/ 3 \e+j ■ +x / ' 3 \e-s. 
(by Art. 21.) s/ 3 \e+s is =e* x the infinite feries i + 


SS Cjf 

+ -i- 
9 ee 8i< 


IOi 4 


4* 


154/ t 261S^ 7 

“ ,0 4 - - 


s 

3 e 


&c ; and, - by 


S 

3 e 


ss 

gee 


243^ 72 ge * 6$6i<s’° ‘ 137,78U' 7 

Art, 22. x/ 3 \e-s is = x the infinite feries 1 
IL —— _ f 8 f 8cc. Therefore v /3 [g+ 7 + 

Sir 243*» 4 j 2 ge^ 656tr 137,781^ ‘ r Ti) T 

v /3 [g '-j is equal to g* x the fum of thefe two feriefes, 


that is, to gi x the infinite feries 2 


2SS 


30S/’ 


. gee 243 ^ 6j6i<;‘ > ’ 

and confequently the root of the equation a; 3 ~ qx = r is 

— . , , „ &c. ad infi- 

gee 243 ^ 6561 ^ J 


$ x the infinite feries a - ~ 2SS 201 ^ 


nttum. Q. E. F. 

24. Note. This feries muft always converge, becaufe 
ss } or - - —, is always lefs than or ee. And, when 

* ■ 4 27 ", 4 * 


ss is confiderably lefs than ee, or 


27 


is confiderably 


lefs than or - is very little greater than the con- 
vergency of the terms of this feries will be fufficient to 
make it ufeful. " Bht in other cafes, when - is much 
greater than (as when it is triple, quadruple or quin-'... 

tuple bf it, or (till greater,) the terms of this feries will' 
converge fib ffdwfiy as toYeficfef ikvfefy'Unfftfor 
And indeed in the moft favourable cafes it will, as I be¬ 
lieve, be lefs convenient in practice than the exprefiion 

' ' , f ’ 5 Y ' ' V'' 3 




9 a 4 

n/ 3 [7+j +v /; |c'-j, or 
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4 “ 


r 


+ s +, 


s, from which it 


was derived. However, that it may appear that this fe- 
ries will exhibit the root of the equation x 3 -qx=r tra- 
ly, if we will take the neceffary pains of computing it, 
1 will here fubjoin one example, and no more, of the 
refolution of a cubick equation of that form by means 
of it, having taken care to chule Inch numbers for q 

and r as fhall make ~ be but little greater than and 
confcquently flaall give us only a froall number for the 
fraction ~, by the continual multiplication of which the 
terms of the feries are generated* 


An example of the refolution of a cubick equation of the 
aforefaid form, x z -qx~r , in the firfi cafe of it, in which 
r is greater than or ~ is greater than —, by means 

of the expreffton e? x the infinite feries a - — — -^1 
—~ 6 - &c. obtained in Art, a 3, 

25* Let it be required to refolve the equation x 3 - 
300^ - 2108 by means of the infinite feries ef x 

~ ^ “ &c * obtained in Art. 23. by the 

help of Sir isaac newton’s binomial theorem. 

, ■ Here 
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Here q is = 300, and r is = 2108. Therefore 

3 V'3 

V _ a x 3 °° x ^ z°° 2 x IOO X \/ 300 __ 2 X 100 x 10 a/3 

13 “ 3 ^ 7 “ = vr^~~ - ~—VI— L = 2 x 100 

x 10 = 2000, which is lefs than 2108, or r. Therefore 
this equation comes under the cafe of cardan’s ride, 
and confequently may be refolved by means of the infi— 


nite feries Sg - - &c. if that feries 

has been juftly derived from the third expreffion of the 
value of x given by cardan’s rule. 

26. Now, fince r is = 2108 ,S or e 9 will be=i 0 54, 
and j, or ee, will be = 1,110,916. And, fince q is 

*T ** 


= 300, | will be = 100, and •£, or the cube of l will 
'3 ,2; 3 7 

be = x000,000; and confequently ss, or — will 

4 27’ 

be (= 1,110,916 - 1000,000) = 110,916. Therefore, 
the fraction — is = - -l -.’ 9 ? 6 - = .0998. Therefore ~ is 

ee 1,110,916 e * 

= .099#* = .009,950, and ^ is = .09981 3 = .000,992; 


2 SS 


and — is 
20 


.0998 


• 1996 

9 


.022,177; and fe 


9 " 9 ' 243 i 4 

x .009,9 50 = —---- — =3.000,8x8; and is=J2?. 

243 -43 , ’ 6561/^6561 


x ,000,992 

aif':. ;nos* 

Hh' ■ -1 + 

' 9 « 2 43 ‘ 


•3°5»53i 


.000,046; and confequently. 


308 


6561#' 


6561 

1 

? is = .02 2,177+ .000,818, + .000,046 


.023,041; and 2 


2« 20 J 4 308/ 

gee 243^“ 6361^ 


is=2~.9,2 3,041 



9^6 
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= 1.976,959. But eh = 1054. Confequently, e~, or 

v/ 3 e, is = v 73 r o 5 4-1 o. 17 6 8. Therefore e i x the feries 
30S /' 


'5 

2 SI 


9 « 


20 i* 

243 '■ 


656 


&e. is = 10.1768 x 1.976,959 

= 20. 119,it6. Therefore the root of the equation 
.v 3 - 300 .r = 2108 is = ao.119,116. Q. E. [. 

27. This value of .vis true to five places of figures, the 
more accurate value of it being ao.i 19,053, as will eafily 
appear by profecuting it to three or four more places of 
figures by Mr. raphsqn’s method of approximation. 

28. That 20.119 is very nearly equal to, but lome- 


what lefs than, the true value of x in the equation 
- 30 0 x=2ioS, will appear by fubffcituting it inltead 
of x in the left-hand fide of that equation. For, if we 
take x- — 20.119,. we fliall have xx = 404.774,161, 
andx 3 = 8143.651,345,159, and 300 x = 6035.700; 
and confequently, x 3 - 300x = 8143.651,345,159, 
-6035.700 = 2107.951,345,159, which is fomewhat 
lefs tnan 2108, or the accurate value of x 3 — 3®ox in 
the propofed equation **-300* = 2108. Therefore, 
20.119 muft be nearly equal to, but fomewhat lefs 
than, the accurate value of x in. that equation. 

29. It appears therefore from this example, that this 
expreffion, e~ x the infinite feries 2- 2™ _ _2SLi 4 _ 3 aa * a 

, . 9« 6561/ 

~ &c. does truly exhibit the root of the equation 
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x % - q x — r in that cafe of it which falls under cardan’s 
rale, or in which r is greater than or r d- is greater 

than —. 

27 

30. I now proceed to eon fid er the problem which is 
the principal objedt of this paper, which is to (hew how 

from the fcries e ■- x (2- ass - —i _ - 3 - ?f - &c, we may 

J 1 gee 243 j 4 0561 r J 

derive another leries, differing from it only in the figns 
of fome of the terms, by which the equation x 3 — qx = r 
may be refolved in that other cafe of it which does not 
come under cardan’s rale, and in which r is lefs than 

Idfl or — is lefs than and this without anv mention 
3V3 4 27 

of either impoffible or negative quantities. 

PROBLEM. 


To refolve , by means of an infinite feries derived from the 

infinite feries e \ x |a- f ^ - ^-&c. the fc- 

cond cafe of the cubick equation x^~qx-=r, in which r is 

lefs than - * 1 or— is lefs than —» 

■ 3V3 4 J n 


SOLUTION.'. 

31.'.We have feen that in the firft cafe of the e~ 
equation ^-iqxhr, in which — is greater than 

'• ... V-.: dudt 




92,8 Extenjion of Cardan’s Rule io the 

dua of e f into the feries a - — - ~p - ^ - &c. ad 

infinitum , is equal to the root x. Now there are two 
different ways of computing this feries, which (though 
not equally Ihort and convenient in practice) are never- 
thelefs equally juft and true: and therefore they muft 
both produce the fame refult for the value of the feries. 
The firft way of computing it is the common one, which 
confifts of the following proceffes; to wit, firft, to 

compute the quantities ~ and , as was done in the 
foregoing example, art. a 6, where — was found to be 
-1,110,916, and^~ to be rooo,ooo; adly, to fubtradl 
~ from j, in order to get the quantity ss, which is equal 

to their difference, and which in the foregoing example 
was 110,916; 3dly, to divide ss by ee, fo as to obtain 
the value of the fraction as in the foregoing example 

we found the fraction ^ to be = .0998; 4 thly, to 

compute the lowers of the value found for the fraction 

as in the foregoing example we computed thofe of 

.0998, and found its fquare to be .009,950, and its 

cube to be .000,992; £thly, to multiply ", and its 

powers t , £, &c. into the co-efficients , & c „ 

* 9 243 6561» 

refpe&ively, 
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refpe£tively, as in the foregoing example we multiplied 
.0998 into and .009,950 into ~, and .000,992 into 

and found the products to be .022,117, .000,818, 

and .000,046; and 6thly, to fubtraCt all the products fo 
obtained from 2 the firft term of the feries^ This is 
the common and the proper way of computing the feries 
2~— - -^-4 - &c. when we want t-o make ufe 


gee 243** 6561*° 

of it in practice. But it may alfo be computed in ano¬ 
ther manner, which may be deferibed as as follows. 

Inftead of ss infert the compound quantity — fl jp- 

4 ~7 

felf, to which ss is equal, in all the terms of it. And 
it will be thereby converted into the following feries, to 

• 2 fir f\ 20 nr fh m8 [rr cB ? 

7 9« 4 27) 243 6 ‘4 27 1 6561 i° * 4 2'/ 

and 


See. or (becaufe ee is = -, and consequently c 4 ; 
« 4 , 


16' 


W_JL X fL. 

li'l 

_ 320 y 

rr 

_V] 

“ I97I2 ; 


~Fl 

' grr 4 

27' 

243^' 

4 , , 

271 

~ ^ 1 

4 

sa 7 l 


&c. or a 


s r, 

x ■ 
i)rr 


rf 

4 


r 

27 


243/ 


b 

46 


.'HI4. jQ_ * 97 *a 


x 


3 'T 


3 rr V 


4x2,7 27x27! 6561?" 

64 16x27 1 4x27x27 27x27x27! 01 (P lltti,l s 

the Greek letters a, £, y, &c. for the numeral, co-efficients 

8 320 1971a 

9 * 243 ’ .PSpi 


5 &c. refpeCtively) 


» I rr 
— x : — 
rr I 4 


27./ 


x 


[r*__ %rrq i ^ f 
x6 4x2.7 '27x27: r 

von. lxviii. 


r" 

x ?r 


3 ’ Y , yrf 


1 


64 16x27 4x27x27 

sz 


.zfH 2 f: 

&C» 
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n a &.Q 

UC. 0 T 1 - ; +^ r 


e 


aC?* 


Qf 


+ 


3 rf 


3 rf 


+ 


yg 


16 4x27 ir 27x27 Xi * 64 16x27 rr 

See. which confifls of a much 


4x27x27'“' ' 27x2,7x27 r " 
greater number: of terms than the feries 2 


308 

6561 fc 


0 ss ■20 a 4 

- 9 ^ 243 

See., from which it is derived, and in which 


many of the terms are much more complicated than in 
that former feries. Neverthelefs, fm.ee the compound 


quantity 


rr 


- 1 is equal to ss, the infertion of it in head 

4 2 7 1 

of SS in the terms of that former feries cannot alter its, 
real value,, though it will make it much more difficult to 
.compute. It muft therefore be true of the new and 


«. „ , r a aq 3 & 2 ^ 

complicated feries 2- -+— - 75+ 


fy 6 


_y, 

4 64. 


+■ 


■ 3 rf 


3 vg 


6k 


1,6 X 27 rr 

former feries 2 


4x 27 X 271- 
2 

9 <?<? 


+ 


yf 


27 X 27 X 2 yr 6 


50 jf 4 


16, 4x277?' 27x27- 

- &c. as well as of the : 
308 


• &c. that, if it be 


243 i? 4, 6561 e 4 

multiplied into e or s/ 3 e, or the feries thereby 

produced will be equal to the value of x in the equation 
x'-qx-r, or. that, if the faid feries be cubed, and alfo 
multiplied into y, and from its cube the product of its- 
multiplication into q be fubtradtetl, the remainder will 
be eqdal to r, or rather will approximate to the value of 
r, becaufe* as the quantity fubftituted for x in the com¬ 
pound quantity tf-qx is only a part of an infinite feries 
1. that 
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that is equal to x } it is impoflible that the laid remainder 
(which is produced by that fubftitntion) fhould be accu¬ 
rately equal to the whole value of f. 

.32. By the help of this obfcrvation we may from the 

foregoing feries 2- - &c. which, be- 

ing multiplied into e j, or the cube-root of r -, expreffes 
•the value of x in the equation x^-qx = r, in the firft cafe 
of that equation, when ~ is greater than ^, deduce ano¬ 
ther feries refembling the former in the compofition of 
its terms, but differing from it in the figns to be prefixed 
to fome of them, that will like wife (if multiplied into 
e }, or the cube-root of exprefs the value of x in the 

fecond cafe of the fame equation, in which — i s lefs than 
q ~. and which cannot be refolved by cardan’s rales* 

27 3 J 

This may be done as follows-, 

33. If in this fecond cafe of the equation x % -qx ~t 
we fubtradt — from, and call the remainder ss (as we 

before put ss for the oppofite difference — - --) and then 
raife the powers of ss, to wit, j 4 , /, and alfo 

,, , 1 , j. 4' • 1 ' 

the correfpondent powers of its value to wit, 

8ea the even 
powers 


\ rr 

r 

w 

; 3 

* 

f? 3 ' rr 

h 

k fi 

1b 7 ~ 4 

(■ ' ” 4* ' 

I 

| ^ 


*27 4 ! 



' 5 

z 

2 



932 Extenjion of Cardan’s Rule to the 

powers of the difference ~— —, to wit , q — - h % !lj \ 

1 27 4 5 27 4 ' 27 4 

&c. will con lift of the very fame terms, or the fame 

powers, produffs, and multiples of the two original 

quantities — and —, and with the fame figns + and — 

prefixed to them, as were before contained in the even 

powers of the oppofitc difterence when was 

greater than Thus, for example, the fquarc of — ~ il 
2 7 * 4 27 

in the former cafe was ^ ; and in the pre- 

fent cafe the fqmre of % - is + 1, which 

confifts of the fame terms, and with the fame figns pre¬ 
fixed to them, as were contained in the fqtiare of — _ Cl, 

4 27 

and differs from it only in the order in which the ex¬ 
treme terms-~ and'^-J- are placed. And the fame ob- 
fervation is true concerning all the other even powers of 
the oppofite differences — - fl and 

4 27 27 4 

Alfo the odd powers of the difference £ - !I, to wit, 

3 > — ~ 9 s > Sec, will confift of the 
fame terms, or of the fame powers, produces, and multiples 
of the two original quantities ~ and as were contained 
hi the fame odd powers of the oppofite. difference 

• rr 
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r ~-~i when y was greater than q ~ . But the fig ns pre¬ 
fixed to the fold terms will be contrary to thofe which 
were prefixed to them in the former cafe. Thus, the 
cube of — - — in the former cafe was h-- £— 

4 2 7 04 16x27 4x27x27 

9 3 

" 27x27x27 * and the cube of r 7 - t in tlie P refent cafe 


27x27x27 27x27x4 * 27x16 64 


, which confifts of the 


fame terms as are contained in the cube of — _ L. ; But 

4 27 

they are placed in a contrary order to that in which they 
flood in the former cafe; and the figns that are prefixed 
to them are contrary in every term to what they were' 
before. And the fame is true of all the other odd. 


powers of thefe oppofite differences of — and 

34. It follows, therefore, that if ss be put for - — 

7 4 

in this latter cafe of the equation x 3 ~qx = r, in which 
is lefs than q ~> the even powers of ss } to wit, j 4 , /, s*% 

j 1 •, Sec. will reprefent, or be equal to, the fatne powers, 
products, and multiples of the two original quantities 
~ and ^ in the prefent cafe as they reprefented in the 

former cafe, when ~ was greater than q ~, and se was 
made to Hand for r ~ - and the feveral terms repre- 

fented by the faid even powers of ss will have the. fame 
■ t ■ figns. 
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figns + and - prefixed to them refpe&ively in this fecond 
cafe as in the ftrfic cafe. Aik! it -likewife follows that the 
odd powers of ss 9 to wit, ss, s 6 , s' 0 , s‘ 4 , See. will alfo re- 
prefent, or be equal to, the fame powers, products., and 
multiples of the two original quantities - and £, as in 

4 -2 y 

the former cafe ; but the figns + and - prefixed to the 
feveral terms reprefen ted by the laid odd powers of ss- 
will be contrary to what they were before* 

35 - if therefore in this fecond cafe of the equation 


x l —qx 
the feries a 


r, in which - is lets than we put ss~£ 

A *7 x 27 


rr 


2SS' 

gee 


20S* 


308 / 
2436^ 65611 


See. will reprefent, or be 
equal to, a fyftem of terms, derived from the two ori¬ 
ginal quantities ~ and ?.!, that will be the very fame in 
point of compofition, that is, will be the very fame 
powers,, products, and multiples of ~ and ?! as the 
team th,at were reprefented by it in the former cafe, in 
which,- waf greater than £: but the terms fo reprefent¬ 
ed will not .aMlvwe the fame figns + and - prefixed to 
them, ass they had-before; but thofc terms, in the fetf- 
fyftem, which are reprefented by the terms of the fc- 

gee ~ j*4 3 <+ 6561? “* which involve the even 

powers of ss, to wit, &c. will have the fame figns 

prefixed 
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prefixed to them as they had before when ss flood for 
4 ~ ’ a nd.thofe terms of the faid fyflem which are re- 

preiented by the terms of the faid lines which involve 
the odd powers of to wit, hi and -gl, &c will have 
contrary figns to thofe they had before. Confequently, 
if we change the fighs of thofe terms in the feries 2- 

aw -.20 J 4 308/ Q . 

gee 243 0* 4 6561c 6 ' which involve the odd powers of" 


= and 

9* 6561c 6 


the new feries 


2 ss 
gee 


20 s q 


30 8/ 


* See. will 


to wit,, the terms 
thereby produced, to wit, 2+_ - 

9 ee 243c 4 ' 6561c 6 T ’ 

reprefent, orbeequal to, a fyflem of terms which will 

not only he the very fame in point of competition (or 
will be the fame powers, prodofts, and multiples of the- 

two original quantities Z and \as thofe which were re- 

prefented by the feries 2 - ~ - _ 3°s/’ ■ . 

9 es 243c 4 * 6561/ ~~ -in die 

foimei cafe, but will, alfo be connected with each other 

in e^adlly the fame manner by the figns + and — that' - 

is, , by Art, 31. the faid new feries will, reprefent,; or &e.‘ 


X " —. ' 

equal to,, the following fvilem of. terms, to wit, 2- 

a! ? 3 £ | gC ff 3 Gq 6 v !v« 3 ' o 


* 




^—4+—i-_, vr , m* 

* 7fr 16 + ***" *?-X*7* A 6 4 + J 6.x, 7 Tr~?7I^T^+^—»- 

&C. ■ ' 
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But it has been Ihewn (in Art. 31.) that, if this fyf- 
tera of terms be multiplied into <?*, or the cube-root of 
L , and the fades thence produced be cubed, and alfo 

multiplied into q, and from its cube the product of its 
multiplication into q be fubt rafted, the remainder there¬ 
by obtained will be (nearly) equal to r. Therefore, if 
the feries 2 + ~ ^ ~ Sec. (which reprefents, 

or is equal to, the faid fyftem of terms, when ~ is lefs 
than 5 -, and ss is made =£ - -,) be multiplied by e\ or 

2 y 27 4 

the cube-root of --, and the feries thence produced be 


cubed, and alfo multiplied into q, and from the cube of 
.the faid feries the product of its multiplication into q be 
fubtraded, it will follow that the remainder thereby 
obtained will be (nearly) equal to r; that is, the produft 

of the multiplication of e\ or the cube-root of into 
the infinite feries a + ~ ~ + d-fh- - &c. is equal to 

■the value of a? in the equation x*~qx = n in the fecond 


cafe of it, when f is lefs than 0. E. 1, 

- 4 2 7 x 


36. This feries a+— - ---■ + 

■ „ i)ee a4}i* + 6561/* 


&c. docs not al¬ 


ways converge, but only when ss is lefs than ee, or A—- 

*7 . 4 

M lefs than or q ~ is lefs than or - i s greater than 
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1 3 3 

half or than £4-though lefs tMri Anclthe nearer 

27 54 0 27 

7 approaches (; to the. greater will be the'fwiftnefs witli ; 

4 „ _ ; _ r , ? 7 _ ; 7 . ;.7 

which tins feries will converge, 

37. I will now add a few examples of the refolution 
of cuhick equations of the aforefaid form, x z ~qxz~ff in 
the fecond .cafe, of thofe equations, in which r -is lefs 
thaor ~ is lefs than *—,» by means of -the infin^e^ 

feriesitffocfahj fbundhn-^h 1 ,^^: 

in order to confirm the truth of tire rcafoningshy .which;} 

that teries was obtained. " ; 

r •:, i: a c - ■ : c ■ «'•, .» ; e 


mM, r 2 . i 


E X A M P L V E ! 


1 r 


fL;, 


1 p ( /“ 0,« rs 

* - " • J , • 7 ’ ' " . * ( , f ^ < Jf , 

38'. !>/‘/7fo required to refolve the equation a? 5 - 5o.v= 120 * 
' > : by'means of the'faid infinite Jerks.'' ' ’ '* '' 

Ilepe <? is* ; =-5o; r is = lao^ji ~ or is =,60; or . 

*7 . 


2 7 


IS 


ee, ; is' =3600;’ <7 V is = 115,60*0; and 

* *.; • q ■ 1 ( J ■ i. * ‘if . ’tt] << ; i'« i 

4629.629,629,629, Src.'whith is greater than' 3660,' 
or f. Therefore this equation cannot be rcfolved by 
cardan’s rule, but may by the exprcfEonrv x the fey^ 
lies;a -i£l + i2!il - See. provided'that juries cqn-. : 

43c 4 6561c" 1 ' 


eja* 


verges.'' Now, fmce^is =4629'.’ 629^ 

2 7 


Yol. LXVIir. 


6 A 


and 
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and % is= 3690, we ftiall have ss = a ~-~Z- 4629. 629,, 

629,. 629, Sec. - 3690=1029, 629, 629, 629, Sec. 
which is confiderably lefs than 3600, or ee; and confe- 


quently the feries will converge. 

39 . We (hull, therefore have 

4 s & 

=.286,00; and-7 = .081,796; and ? = .023,393; and 


confequently 


- its _ 2 X . 2 , 86 - 

gee 


• 5 ? 2 

9 


• o 6 3>55; and 


2 CW 4 

•m** 


■=.: 1^2? « .0 o 6,7 3; ami 

ii* 343 71 a ’ 6561/’ 6561 


2 4 S 

7 . 2 °S ,944 


.001,098. Therefore 2 4 - 


2M 2 O/ 1 ' 308 / • 

—-1 + T~-« IS 

243c 1, 6561/' 


65.61 -2 - - • -- " '. 9 ft! 

= 2 + .o 63 , 5 s~,oo 6,73 + .ooi,o9 = 2.o64,64-.oo6,73; 
= 2.057,91. And orV%, is =-s/ 3 [60 = 3.914,867. 


Therefore x the feries 2 + 


2Jf 


2QS* 


308^ 


9a* 243<?‘ v 6561c 0 


Sec. is 


3.914,867 x 2.057,91 = 8.0564; that is, the root of the 
propofed equation a; 3 -50^=120 is 8.0564; which is 
true in three places of figures, the error being in the 
fourth place of figures, or third place of decimal frac¬ 
tions, where the figure ought to be a 5 inftead of a 6, 
the more accurate value of x in that equation being 
8.055,810,345,702, as may eafily be found by Mr. 
haphson’s method of approximation. But 8.0564, 
the value of, x found by the foregoing procefs, is fuf- 
ficiently near to its more accurate value 8.055,810, See. 

to 
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to ihew the truth of the foregoing realbnirigS. Their 

difference is only parts of an unit, which is only 

the 13426 th part of 8.055,810, & c . or the true value 
of x. 

40. N. B. This equation #*-50^=120 expreffes the 
f elation between the diameter of a circle and three chords 
an it that lie contiguous to each other, arid, together take 
up a femicircle, and form a .trapezium of which the dia- 
meter of the circle is the fourth fide. For if the three 
choids aie called k and /, and the diameter of the cir¬ 
cle is called at, the relation between them will be ex- 
' : " J ' J "• '' J ’ ;T: '' -AH : ' 
preffed by the cubick equation x* ~kk \xx~z bkt. which 
■' ' 1 - -//- 

if the numbers 3, 4 and 5 are fubftitutedinffead of the 
letters b, k, and t } will become x 5 -50^= 120. See Sir 
ISAAC newton’s Arithmctica Univerfalis, "Idit. ad. 

x;7;a 24: page-for. .. ' - ■. - ■ ,-. c 


EX AMPL-'E " 11.' : 

4 T * Eef iihe required, to find by means of tMfffnw fetiet- 
: ..the root of the equation x 9 ^sp ’; 

-^'I^W ,; lnitMs : eqttatioii‘ q .is.*= : r,: 

" S& : < /i, 1 4 

or ee f is - and ~ t is - ^ which is gfestffr thtufhf 
‘ • - 6 A a ■ or 



$4.0 • . ’ E%tenji0n' of Cardan's Rule to tie: 

or .Therefore this, .equation cannot be refolv* 

4 

ed .by cardan’^ rule, but may by the feries * 

SC'C. iii cafe that feries is a con* 


j2,4%rr irr-, I- 

243^ 

verging one* 

*.'! ty **• r a. 1 •* *fr- 


,3.08/ 

65614?* 


! Now, fmce 2 - is 


i/K f- 

°S.-^ ’ : ' 4 ? - 


i. • .27,^ 

I ' I . 




36 — 27 


and - is = we fhall have 


■ 36 


ss. 


Ty E'^b ’27 x 36 —-27 x 36*” 3 x 36* - w hich is - lets 
than-;|^»rOr eer, in the proportion -of 1 to . .3.' Confe- 
■qtrently the feries a'+2~~ ~ - &c. and the fe* 


I • 2JI 

ries 


2‘OJ 4 308/ ‘ 

‘ 


9 ** : ; »«IV 34 * t ;’ 


8 cc. will converge. There¬ 
fore the equation «v?-w=j may be refolyed by the means 
0/ it. as follows.. 

42. Since ss is •= and ^ or ee t is we fhall 

have J'=f=:333,333, and £ = 1 = .iii,xii, and, ™ 
.0,3.7 ,0 3 7, and confequently 


1 

2J 


20i 4 


, _ 2 ** 33.3333 
9 a ' 9 

20X.in,n t _ 31*222, 22 a ; 

““ * 


e* 

•666666 


°? 9 > I 44 » 


.074,074, ,=md >4J „ , 4J 

= ^ 5 ^=^= .001,738. Therefore 

2+ ^r^ + 6^7 “- &c - is “-' a ' + .074,074--.009,,144+ 

.001,738=2.075,812^,009,144=2.066,668. And 


v* 


<? is ; 

_ , 2SS 

% +- 

v ■: " ,i 9^ 


2Q.f 4 308./ 

J43^ . 6r6r,A 


V i \ 817,126* 

.6561? ^ c * * s 


Therefore <?" x tlie feries 

x 2.066,668 = 
1.13733; 
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I-13733 ; that is, the root of the propofed equation 
x l ~x~\ is 1.137,33; which is true to four places of fi¬ 
gures, the error being in the fifth place of figures, or 
fhe fourth place of decimal fractions, where the figure 
ought to be an unit inftead of a 3, the more accurate 
value of x being 1.137,158,164, which differs from 
the value of it here found by lefs than .00017, or 

parts of an unit, which is lefs than the 6689^ 
part of 1.137,158,164, or the true value of x, . 

e x am.pl e hi. 

43. Let it be required to find the root • of the equation 

x % — $x = 4 * 

Here q is = 5; r is =4; —, or e 3 is = 2; -, or ee, is 

2 4 

= 4; q z is = 125, and —is = — = 4.629,629,629,.,&c. 

which is greater than 4, or Therefore this equation 
cannot be refolvedby cardan’s rule, but may by the 
infinite feries e*x fa +— - - &c # in ,cafe that 

feries is a converging one. ' ; 

• Now, lince — is 4^629,62,9,629, &c. and~is = 4, 

we fhall have^- - or ss 9 = .629,629,629, 8cc. which 

x 7 4 ;■ 

is 
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is lefs than 4, or ee, in the proportion of about 6 to 
40, which is a pretty large proportion of minority, and 
much larger than the proportion of ss to ee in either 
of the former examples. Confequently the feries e$x 

&c. will converge with a greater 


2 +• 


2QS' r t 3 O 8 /' 


4 * 


9 ee 243^ ' 6561*? 6 

degree of fwiftnefs than in either of thole examples. 
Therefore the equation ad- $x~r may be refolved by it 
as follows. 

.157,407 ; and confe- 


44. Here ~ is 


—— 


quently his = .024,777, andh is = .003,900. There- 


2 SS * 

fore —is 

g ce 

20 ^ • 02 4>777 _ •49S.S4Q 
243 
1.201,200 


‘."■ 'i W = 'IHja - .034,979, and 


20.r 


002,039, and is 


243 


:.000,182, and confequently 1 + 


2SS 


.IS = 

2 43** 

30B x ,0 03,900 
6561 

20J 4 308/ 


6561 ■*---* . a - gee 243<*' 

•is = 2 + .o34,979-.oo2,039 + .ooo,i82=a.o35,i6i 
.002,039= 2.033,122. And e>, or \/V, is = n/ 3 2 




Therefore <?* x the feries 2 + 


a« 




6561^ 


9« i43«* 

&c.is = 1.259,921 x 2.033,122= 2.561,573 5 


that is, the root of the propofed equation 5^=4 is 
2 - 5 6 i ,573 ; which is true to-five places of figures, the 
•error being in the fixth place of figures, or the fifth 
jdace of decimal fractions, where the figure ought to 
6 be 
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be a 5 inftead of a 7. For the accurate value of x in 
this equation is or or 0 r 

2• 5 61 >5 S 3 5 which differs from a. 5 61,57 3, or the va~ 
Itie of x found by the foregoing feries, by only — 

or i ~ oo,o ooth>. P arts of an unit, or lefs than the 128,000th 
part of 2.561,553, or the value of at itfelf; -which is 
a great degree of exactnefs, 

45 , Note. That x , or the root of the equation a? 3 — 
SX=r y is accurately equal to i±~i 7 , will appear by fub- 


itituting 


1 + */i7 


inftead of x in the compound quantity 


x 3 -~$x, and obferving that it will make that quantity 
become equal to 4. For, if x is = fi—h 7 , we ihall 
have^- 1 + 3><^i7+3X^7+ i 7>:v ft 7 ::::: ^+^ox and 

8 . 8 1 i 

and confequently a; 3 -5 xzz iEtlfll ~ IzlF * 7 - 
| = 4.. Therefore l±£l is = at. Q. E. D. 

46. Thefe examples fufficiently prove that, the ex- 


preflion ef x the feries 2 + 


2SS 20 S 4 " 308 /’* 

gee 243<? 4 * 6561/ 


See- (which 


XSS 20 A 4 ,308/ 


See# 

gee 243** 65 (nr . 


we derived from the other feries e* x | 

by the peculiar train of reafoning ufed in Art. 33, 34, 
arid 35,) gives the true root of the cubick equation a 3 - 

, ■: qx~r 



944 Extenfion of Cardan’s Rule to the 

qx~r in the fecond cafe of it, in which r is lefs than 
“7“> or y is lefs th ^n C, and which therefore cannot he • 
refolved by cardan’s rule. 


I will, however, fubjoin one more example to the 
fame purpofe ; which fhall be that of the equation a 3 - 
63^=162, which both Dr. wallis and Mr. demoivre 
have refolved by extracting what they call the impoffi- 
ble cube-roots of the impoffible binomial quantities' 
8 1 + \/- 2 7 o o and 81 - </- 2 7 o o. Now this equation 
may be refolved by the foregoing expreffion £ x the 


feries % +• 


2 SS 20.5* 308^ « 

9 ce' '-243c 4 ^ 656 1? ^ oct.* 


in .the manner fol¬ 


lowing. 


E X A M P L E 4 . 

.,47* 'Let it be required to find the roof of the equation 

A’ 3 -63^=162, 


.Here <7 is = 63 ; r'is = 16 a; S, ore, is = 8 i; "or 


ee, is = 6561;" 7 


3 is = 21; and ~ is = 9261, which 'is 
greater Oran H&t, or £ Therefore this equation ean- 
uot be refolved by cardan’s rule, but may by the infi- 

nite feries fi x [2 + ~ - df 4 
I , 9 « 24 

•^’les is a converging one. 


JOB'/ ' # ■ 

9« 2*43?'' + 6561JI “ &c. in cafe tliat fe- 


Now, 
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Now, fince — is =9261, and is = 6561, we fliall 

have q - -j, or ss, = 2700, which is lefs than 6561, 
or ee, in the proportion of 100 to 243. Confcquent- 


ly the feries 2 + 


20 V* 20 8/ 

+ * 


Sec. and the product 


xye 24 3 if* 6461 < /j 

of that feries multiplied into f, or the feries el x 


2 + 


20 r 


+ 


308/ 


6;6„. &c - wiU converge. Therefore 

•the equation x 3 ~ 6 $x = 162 may be refolved by it as 
follows. 

48. Since ss is = 2700, and r -~, or ee, is = 6561, we 

.411,522, and - = .169,350, 
and ^=.069,691, and confequently 


fliall have 


TOO 


2 700 
6561 243 


2SS ~, 2 X .41 1,522044 _ 
9 ' 9 ~ 


20J 4 __ 20 x .169,350^3*387,0^ 


243 


: .oi3,938, and 


,091,449, an d , 4Je4 - >4J 

—■- --6^* =^^ = -003,47x. Therefore a + 
9 « ,„«• «jK? to. is =2 + .091,449, -.013,938,+ 

.003, 271 - See. = 2.094, 720, - .013, 938 - Sec. = 
a.080,782, - Sec. And e*, or s/^e, is = v^fSi" = 


2SS 


20 S* 308 / 


4.326,749. Therefore e* x the feries 2 + 


308/ 


2SS ■ , 202 *' 

gee ■ 243/ 


+ 


■ Sec. is =4.326,749 x 2.080, 782, .- Sec. 


9.003,021 - Sec; that is, the root of thepropoled e- 
■ ^iiatSont.M- : 6 . 3 X-~ t6 a-is = 9.003,021, - Sec.' or.iqihe-. 
what lefs than 9.003,021; which is true to three places 
Vol. LXVIII. 6 B :! of 
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of figures, the error being in the fourth place of fi¬ 
gures, or the third place of decimal fractions, where 
there ought to he a cypher infeead of a 3 , becaufe the 
accurate value of x in this equation is 9, as will appear 
upon trial : for, if x be taken = 9, we fliall have a 3 =t 
729, and 63^=5.67, and confequently ,v 3 -63.v (=729 
~567)=i6a.. 

SCHOLIUM. 

49. This refolution of the equation x 3 -~6 $x=i6t 
anfwers to Dr. wallis’s refolution of it by extracting 
the cube-roots of the impoffible binomial quantities 
81 +x/ —2700 and 81 -v / -2700, inafmuch as both re- 
fblutions are originally derived from cardan’s rule.. 
But the difference between them is, that the method 
here delivered is intelligible in every ftep of it, whereas 
Dir. Wallis’s method treats of impoffible quantities, or 
quantities of which no clear idea can be formed, in the 
whole ceurfe of the procefs, though it concludes with, 
a refult that is intelligible, by means of the equality of 
the impoffible members of the two ultimate quantities 
•*■+ '7 and(whofe fum is equal to the 
value of x% and the contrariety of the figns + and 
which are prefixed to them. The doctor’s method of 
finding ± + 3 and 3 to lie the cube-roots 

. * of 
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f of the impoffiblebinomial quantities 81 + ^-2700 and 
S I -v / ~27 O0 is only tentative. But Mr. de moivre 
has given a certain method of finding the cube-roots of 
fuch quantities in all cafes ; but not without the Infec¬ 
tion of an angle, or finding (by the help of a table of 
lines, or otherwife) the cofine of the third part of a 
circular arc whole cofine is given ; by means of which 
trifeftion it is well known (independently of cardan’s 
rule, or Mr. de moivre’s procefs) that the fecond cafe 
of the cubick equation x> ~ qx ~ r (in which ~ is lefs 

than may be refolved. So that Mr. de moivRe’s 

method of doing this bufinefs, though more perfect 
than Dr. wallis’s, does not feem to he of much ufe in 
the refolution of thefe equations. And both methods 
are equally liable to the objection above-mentioned, of 
exhibiting to our eyes, during the whole courfe of the 
proceffes, a parcel of algebraick quantities, of which 
our underftandings cannot form any idea; though, by 
means of the ultimate exclufion of thofe quantities, the 
refults become intelligible and true. It is by the in¬ 
troduction of fuch needlefs difficulties arid myfteries in¬ 
to .algebra (which, for the moffc part, take their rife from 
the fuppofition of the exiftence of' negative quanj|||s, 
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or quantities lefs than nothing, or of t he poffibility of 
fubtra&ing a greater quantity from a leffer), that the o- 
therwife clear and elegant fcience of algebra has been 
clouded and obfcured, and rendered diignfting to num¬ 
bers of men of a juft tafte for reaibning ; who are apt 
to complain of it, and defpife it, on that account. Andj 
doubtlefs, they have too much reaibn to do fo, and to 
fay, in the words of the famous Motif ear des cartes 
in his differtation De Methodo, page 11, Algeb'ramvero, 
ut fo-kt doceri, animadverti certis re gulls e.t numerandi 
for mulls it a ejj'e content am, ut videatur poilus ars qiucdam 
confufa, cujus ufu ingenhm quodammodb turbatur et ob~ 
feuratur , quam feientia , qua excolatur et perfpicachts 
reddatur. If this complaint was juft in des cartes’s 
time, there is certainly much more reafon for it now. 

50. The pafliige above alluded to in Dr. wallis’s 
algebra, is in the 48th chapter, pages 179, 180, of the 
folio edition at London in 1685. And Mr. de moi- 
vre’s method of extracting the cube-root of an im~ 
poffible binomial quantity, as 81 + s/'- ayoo, or # + 
*/- b , is publifheil in the appendix to the fecond vo¬ 
lume of profeflbr saunderson’s algebra, pages 744, 
745 ? 746? 747 * It is very ingenious, and fhews that 
author’s great fkill in the ufe and management of al- 

gebraick 



Second Cafe of the-Cuhick Equation x^-qx-r. 949 
gebraick quantities. See alfo on this fubjedt clairaut’s 
Eleraens d’Algebre, Part V. Section 9. pages 286, 287, 
388,' and a paper of Monfieur nicole in the memoirs 
of the French Academy of Sciences for the year 17 3 8, 
pages 99 and ioo-. See alfo maclaurin’s algebra, 
Part I. the fupplement to the 14th Chapter, pages 127, 
128, 129, 130; and the Philofophical Tranfadtions, 
N°. 451. 

51. If any gentleman fhoulcl be inclined to compute 
the feries 2 + — - d2L + J2?i_ _ to more than four 

gee 243/ ojOi/ 


terms, he will find the firft eight terms of it to be as 


follows, to wit, 2 + — 

/ gee 

2,358,51 & s l% x 2 o ,646,96 o / 4 

129,140, x 6 $$ l% ^ 8,135,830,a69f 14 * 4 


20/ 308/ 1870 a 8 iix,826.t 10 

243/6561/ S9049/ 4,782,969/° 
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XLIII. Account of tbs Advantages of a newly-invented 
Machine much varied in its Effects, and very ufeful 
for determining the perfedf Proportion between different 
Moveables a&ing by Levers arid Wheel and Pinion. 
■'■By Mr. Le Cerf, Watch-maker at Geneva; Commu¬ 
nicated by Lord Vifcount Mahon, F. R. 1 


^Rcad July 9., 1779. 


tO SAMUEL HORSLEY, LL.D, S, R, 8, 


& I. R, 


Harley Street, 
March 19, 177$, 


TT AVI NG received from Mr. le cerf, watcli-makcr 
A A at Geneva,, two inftruments of his invention, with 
the annexed paper; and being ddired by him to prefent 
them to the Royal Society, I take the liberty of fending 
them to you, as fecretary of that learned Body. 1 have 
perufed this interefting treat ife, which contains fome 
new and valuable thoughts upon the relative ftze of 
wheels and pinions forking together; and this being 
one of the things of the moffc general ufe, with refped 
to the improvement * and eafy execution of clocks, 

■ j watcher 
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watches, arid all kind of wheel machines, this paper ap¬ 
pears to me to he very worthy of the attention of the 
Society. It is to he regretted, that the author does not 
enter into a greater and more minute detail upon the 
fhape of the working-teeth, 8ec. as this, in my opinion, 
will, in feveral cafes, materially affeCt the very fimple, 
general rules which he has elegantly laid down. 

I am, sir, with true regard, 

Y,our very obedient, humble fervant, 

MAHON, 


§ 1. npHIS machine may be called a compafs of geo- 
metrical and mechanical proportion ; its pro¬ 
perty is to refolve a great number of. problems analogous 
to the theory and practice of watch-making, in a man¬ 
ner which is at the fame time very evident and infinitely 

more 


Defcription ddune Machine de nouvelle Invention ,. aujfi variie dans 
fes Bffets que nkejfaire pour diterminer les parfatts rapports 
entre les diferens mobiles agiffans par Leviers et par Eagre— 
, nages. : Ear Monjieur Le Cerf;, Hdrloger d Geneve.. . 

I I, #~«N' jffctft: aj^pfiHer . compete deproportion geometri^i|;<k? 

'' mScMPupie,' puis quit! a k propriety, de refoudre de ‘ 

problemcs analogies a;: la tlieorie et a Id pratique de RKorldgfefk $sta« fainiere >• 

: treat* 
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more convenient than the mode of arithmetical calcula¬ 
tions. 

§ 2. The compafs of proportion here treated of not 
only fhews the proportion of the diameters between the 
wheels and the pinions, but ferves to determine every 
fpecies of proportion of the calibers, of the iize of pivots, 
width of pallets, bignefs of cylinders, and in general of 
whatever is an object of dimenfton. In every cafe it af¬ 
fords a product, either in unity or fractions, as perfect as 
the application of it to the mechamfm we are confider- 
ing is eafy. 

§ 3. Nothing therefore can more conduce to the per¬ 
fection of watch-making than an inftrument which im¬ 
mediately determines all the dimenfions and proportions 
required; dimenfions and proportions which could not 
heretofore be obtained but by means lb long, fo labo¬ 
rious, 


tres dvidente ct infinimenc plus commode que pm- Ics operations tlu calcul. 

§ a. Ce compas de proportion dotit cc inemoirc fait l’objet, decide non fcule- 
xnent du rapport des diametres entre tes roues <;t les pignoos, unais encore il fert 
a determiner routes fortes de proportions,,,foil tk s calibres, groilcurs des pivots, 
largeurs des palettes, gfaffeuta-des, et gcneplemcrtt Uc tout ce, qui fait 

objet de dimenfion; ij donne dans tops les'cuts lint par unites ou par fractions 
un refultat aufli parfalt que facile a appiiqucr au mtrcJianiiine cn queftion, 

§ 3. Rlen tie nous paroit done plus intercflknt pour la pcrfc&ion de I’horlo* 
gerie qu’un femblable inftrument qut determine fur le champ toutes les dimen¬ 
sions et proportions requifes que i’on tie pouvoit jul'qu’a prefent obtewr que .par 

- des 
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rious, and fo imperfect, that it is they which have pro¬ 
bably given rife to a general relaxation with regard to 
the true principles, and to the adoption of rules and mea- 
fares arbitrary, vague, and which produce very confidera- 
ble errors: fuch, for inftance, is the error of taking a 
little more than three points of a tooth in order to de¬ 
termine the fize of the pinions of fix, without regard to 
the revolutions which the different numbers of the teeth 
of the wheels produce. The confequence is, that an 
equal meafure being taken upon a wheel of 18 and 
upon one of 7 a teeth produces a variation of one entire 
revolution, as will be fliewn hereafter. 

§ 4. For inftance, the pinion is the divifor of the 
wheel as well as that of the circle, each tooth of which 
is to raife its required proportion of degrees. A pinion 
of fix is to raife 6o° per tooth becaufe 6* 60 = 360; one 

of 


-des moycns auffi longs que pembles et imparfaits, et qui vraifeniblabiemcnt oat 
domic lieu i un rdachenaent general far les yrais priacxpes, en fuivant des regies 
■‘Ou mcfures atiffi vagues qifarbitraires et qui mSnenta des'errcurs tres confidera- 
hies; telles font cellos de prendre im pen plus quo trois pointes dc dent ‘ pour 
determiner la groffeur des pignons de-fa fans diftiaction des-revolutions que pro- 
duifent ■les'' cliffcrcns nombres de dents dcs roues* Pur consequent la tnime mefiire 
qmfe Fur-une Toue' de 18 xonime fur cdle de .73 deists* produit une typist 
'-tfune resolution:eniti&e,,’aiafi, que Pen Pexpliquera ci 4 pr&f' ’ , 

§ 4, Par exemple, le pignon eft le divifeur de la roue auffi bien que* celui da 
cercle 9 dont chaque aide doit lever fa portion de degres requ.ife; pft f>ignon de 
,,Vol. LX VII I* ' / 4 C ’ *** • 1 ‘ * ; ' 6dok 
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of feven is to raifc 51° 25- and fome feconds; one of 
eight is to raife 45° ; one of ten is to raife 3 6°: finally, 
one of twelve muft inconteftabl y raife 30° per tooth, 
fmee 12x30 = 360. 

§ 3. Arnidft various methods that have been ufed for 
the folution of this important problem, I Ural 1 mention 
only the moll; Ample one which may be underftood by 
thofe who have the very full principles of arithmetic. 

§ 6. I fet in motion two wheels, each of twelve teeth. 
By making one wheel turn the other, it is evident that 
thefe two diameters muft be perfectly equal between 
themfelves, allowing for the neccftary fhuke between the 
teeth. w 

( a J '.This fhake Is veky inconsiderable, cfpcciatly when the pinion and the teeth 
of the wheel are properly opened; for,according to my experiments,, the deduction 
to be made on this.account.is reduced to the 96th part of the circumference of a 

pinion 


6 doit lever 6o° par ailc, pares quo 6 x 60:23603 tin de 7-doit lever 5C* 25 \! ct 
■ quehjucs fecondes5 tin de 8, 4S u .j celui do to, 36*; caliu tin pigium de 12* 
doit inconteflahlement lever 30* par idle, puiiquc U x 30:2360* 

§5, Kntro dlverfb fugles que Ton a employees pour rdbtidre cct important 
probfeme; on fora mention leuletmuit debt plus Couple ct: <jut fe trouvera a k 
portec do mix qui aurent Iqs pmuicrcs notions des clcmcns de IVbbmenque* 
§6, Sr je fais fon£Uoimcr par engrenage deux.mobiles du memo nomhre, qtic 
jc fnpppfe'dc? dents chacun, iJ eft el air que ces deux diametres doivent Ctrc 
parfaitement egaux: entreux (au lodiemcnl:,prCs cjtf cxige tout engrenage iibre *)- 

-a Lochcmcnt qui ftreduk a tru# peu tic chofr, fur tour quand k pjgwms w hi denture font 
vnu}h a four point, car fuivant Pcxpcrknce que pen aifaitc, cctte coniidenuion fc miuifc a 
wptc ripm a un *)6 £ Cch « conference dkm pignotx drn ? qui produit h fomme cPime $* dc 

'fv; , ; ' '■ 1 i . ' , ■ ■ , ’ ' ■ dCW 
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§ 7. It will follow from lienee, that thefe two movers, 
which we will, fuppofe wheel and pinion, muft recipro¬ 
cally raifethe 30° required; but if you incrcafe one of 
thefe fo as to make a revolution more than the other, 
which is fixed at r 2 teeth, and at one line diameter, this 
laft will indeed have 24 teeth; but inftead of two lines 
of diameter it will have only 23 and relatively 
to that of the pinion; or if we give .it exactly the double 
diameter, it will have 25 teeth inftead of 24; confe- 
quently upon three revolutions, or 36 teeth, one muft 
fubtraft from the wheel 2 and ~-th of a line, and fo on 
as far as 12 or rather 11 effective revolutions (for the full, 
being fuppofed to be in equilibrio with its pinion, ought 

pinion of 12 which produces the fum of the 8th part of a tooth upon the 
wheel let its number be what it will* 

not 

.... .,.-.. _ ..- . ■ OU .__t..-. .. 

§ 7* II fuse del a que ccs deux mobiles que nous fuppoferons roue ct pig non 
dolvcnt lover rcdproquenient les 30° mjuis; mats ft Fon nugmente Win de ccs 
mobiles dhme revolution do i’autrc qur eft fixde a 12 dents ct tme ligne de dia~ 
metre, ce dernier aura bleu '24 dent%. mais au lieu .do deux ligncs de diamtkre il 
11’auraque :}.j. relutivcment aeelmdu pig non, 011 bien ft on luiclonnc exade'ment 
le double en : diametre il aura 25 dents an lien -de 24, parctmflSqwcnc fur troia 
revolutions.,foit 36 dents, it cn fatidra retranchcr dc la roucs^dc ligiao, ainfi d«. 
|mte jufqu^/'i’i i'Ou bimu revolutions effedtives) parce que htpremifire etant 

dent fur .Uroqude tel nombre qu’ellc foltj Maritmoms pour rend re les judos rapports d'autanc 
plus compters, j‘;u fair erarer tout dhm terns cetre petite compenfation en favour <Iu Mobile qhi 
in One clans les di mentions de mon compas cn quelHoa/ 'poiif tou$ des 

tmiib et ptenons qudcomjM, ' ' • ■ ■ hi "t-i: •, , ■. ' 

. . ■ ., . ■ 6 c % ■■ .■ t v ‘ \, mifeo 
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not to be reckoned). The wheel will then indeed have 
144 teeth, or 12x12; but it will only have iu times as 
much in diameter, that is, :ri lines inftcad.of ia, in or¬ 
der that the angles of tliefe two movers may always be 
in the fame perfect proportion to one another, of which 
the precife railing of 3of per tooth is one of the molt 
convincing proofs. 

§ 8. In order to make this more intelligible, Hay that, 
as the primitive radii ought to be equal between tliefe 
movers, a pinion of fix wings, being a line in diameter, , 
requires the taking off of one fixth, to take from it what 
is ufelefs in its catch; this is what forms the apparent 
diameter. This deduction will reduce the primitive ra¬ 
dius of. thhpinion .to |tlis of a line; for as its revolutions, 
about a wheel of 1 a teeth are as two to one, what is to make 
the radius of the wheel for the lirft revolution will be 

equal 


cenfw fairc equilibrc am? foil pignon nc doit point entrer en Jignc de compto) 
la roue aura bien 144 dents ott t3 x xz* Mais ellc n’aura qu’onzo foi$ autant 
cn diametn:, e’eft a dire onze ligncs au lieu de dotr/.o, pour quo Itss angles dc ces 
deux mobiles reftent txnijours dans lc mfime et parfait rapport, dont lajufte lev& 
de 3°° par ai!e eft urn: dcs preuves laplus convaincantc. 

§ 8. Pour rentirc ccei plus intelligible, nous difons que comme les rayons 
piimitifs doivent etre egaux entre. ces mobiles; un pignon de fix ailcs qui aura 
me % n<! t!c diametre cxige le retranebement d’un fixiemc pour lui6ter.ee 
qu’il y a d’inutile dans foil engrenage, e’eft ce qui forme lc diametre apparent;; 
ce retraiwliemcnt reduira le rayon primitif de cc pignon a si foit a & de ligne, 
car comme fes revolutions autonr d’unc roue dc 12 dcuts font commc a a 1, et ce 

i'"' ' 
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equal to this in ~ths, or one line; but for a, 3, and 4 
revolutions, and fo on, one muft add ifths of a line to 
the radius already laid down, for as many revolutions as 
the pinion .muft make more than the wheel, a wheel of 
12 teeth will confequently have ~-ths of a line radius or 
diameter; one of 18 teeth and -f^ths; one of 24 teeth 
-fths, and fo on. 

§ 9. The fame thing holds true in all the other 
pinions, let the number of them he what it will, where 
the fame rule is to be obferved. Thus upon 10 revolu¬ 
tions of a pinion of i o one muft deduct from the dia¬ 
meter of the wheel one diameter of the pinion; .as many 
upon eight revolutions of a pinion of eight; upon feven 
of a pinion of feven as many; upon fix of a pinion of 

fix 


qui doit fake 1c rayon <lela roue pour la premiere revolution fera egal a celui ci 
erv,i2 cloivziemes fo.it une ligne mais pour % % % et 4 revolutions amfi dc fuite on 
ajoutera xo.douziemes do ligne au rayon dejapofe, pour autant de revolution, 
que devra fairc le pignon de plus que la roue; ainfi tme roue cle 12 dents aura 
de rayon on dc diametre 22 clouziemes cle ligne,, celle de 1.8* dents 32 dou&iemes^ 
de 24, 42 douziemesj, &e*. 

§ 9* It en eft demerne de tons les autres pignons, de tel notnbre que ce fort, 
ou il faut obferver la m£me regie, ainfs fur revolutions 4 9 un. pignon cfovi-o- 
on retranebera du diametre dela roue une fob celui du pignon ; fur 8 revolutions 
d?un'pignto.de 8 autantj Jur fept d’un plgnpa de- fmimty fyilifaitfitxt pignon 

' ■ ■ ’ . • 1 ' ' ,, 1 V ' ' ' " ' <3<SU 



£ S $ ^ Mi'. lf .OERF on a new-invented 
iiK as many, and fo on upon all the movers acl-ng by re¬ 
volutions and teeth. 

£ , t0 . This conftant variation of the diameters in the 
proportion of the revolutions of the pinion upon the 
wheel, is a difeovery fo much the more important 
towards determining, with greater calc, the due propor¬ 
tion between the wheels and the pinions, that it fellows 
gradually, in the mod perfect diminutive order, all the 
numbers and magnitudes of any diameter whatever; a 
lingularity of effed which {hall be accounted for in ano¬ 


ther place. 

•§ 11. The diameter of the wheel mult of necefllty in- 
ereafe in a ratio of the a&ual revolutions of the pinion, 
and not in that of its apparent diameter; fmcc we are 


confidering the working parts of wheels and pinions, 
where the angles, relatively to the change of the curves 

and 


<Ie fix autant; aittfi du.rcftc dc tons lea mobiles agillkus par revolutions ut 
engrenages. , 

■ § jo/ Cette conflante varicte dcs diawfiiw, cn ration lies revolutions do pig- 
lion fur ki rouB> < 5 ft -unC' dcc'o.uvcrtc. d'ftut&nt plus importantc pour dctcnuhicf 
aycc la plus grande facility ct pr£cifiort Us jufle rapport cat re les roue et les pig** 
4ions ? qu’elle lint graduelJement dans Forth c dinunutii to plus parkut tons k$ 
riombrcs ct grandeurs de quelqucs diamctrcs que ce fait 5 fuiguhtrkc iTcficts clout 
nous rendrorts compte ailleurs. ; '■ 

,§ 11* £,e diaaietre dels- roue doit njtecffairfement augmentcr cn raifo.n dcs re¬ 
flations effeftiyes do pignern et non m rnifon clc fori diametre apparent puts 

’ ‘ ' 1 , ! , , '.qu’il 
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and the circumference, muff be reciprocally in the fame 
proportion to operate conftantly the degrees of raifmg 
which are required. 

§ i a. One may easily conceive, that the teeth of a 
wheel .become conftantly more parallel to each other, and 
approach to the ftraight line, in proportion as the num¬ 
ber of them increafes, the depth in that cafe need not be 
fo great, and the curve being fhorter is more favourable 
to the uniformity of the fri&ions than upon wheels 
which arc few in number; this is what moft commonly 
happens to pinions of fix, the numbers ofwhofe wheels 
hardly ever exceed 60 or 7 a teeth. For if in the uiiml 
method of tiling a pinion-gage one was to take upon a 
wheel of 1 a or 1 8 teeth a little more than the three 
points (which points from the nature of their angles 

would 


qiTil s’agit tFun engrennge ou les angles rdativement au changement ties courbes 
cl: tie la circonfercncc doivent etre ideiproqut meat dans 1c me me rap port: pour ' 
operer conftauunent ics degree tie levees requis. 

§ 12, II eft facile. de comprcmlrc quo las dents tFunc rout* devienncnl toujWra 
plus paralclles entr’elks et s’npprochent de la ligne. drohe a niefure qua le nom- 
bre mi eft augment^ etmoins alors Fengrcimge uxige tie pcnct ration^ 3 a courbc 
ctant plus eourte deviant dans cc cas plus avantdgeule on favour de Iftmiformite 1 
des frottcmenSj que fur tics roues peu nombreufes, e'eft cc qui d’orclinaire arrive ' 
aux''pignons. dc fix.dont lea, ftombrcs xlcs roues ne pafTenfc gueres 60 et 72 4 mts f . 
he. Car ft par la methods ordinaire avec un calibre' a pignon on prenoit iur, dne ' 
roue tie 12 dents ou tie 18 un pen plus que les t rois jpointes (que par la nature de ■ 

' ' 1 ' Iciira f 
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would hitch into the three teeth at one and the fame 
time) fuppofed to be in due proportion with a pinion of 
lix, and that afterwards one was to make ufe of the fame 
meafure upon a wheel of 4a teeth, the natural conic- 
quence would be, that this pinion would he by )-ths, or 
half its diameter, too big. 

§ 13. A pinion of i'even, fuppofed to be of a proper 
bignefs, -with a wheel of ai teeth, would according to 
the fame meafure of three full teeth taken upon a wheel 
of 70, be too big by its whole diameter, infomuch, that 
-the wheel inftead of 70 teeth ought to have but 63, See. 
Though the fuperior angles, that is, the circumference 
of the wheels from. 1 a to 120, and above ad infinitum ,, 
..relatively to the fize of a pinion given according to our 
rule, are and ought to be invariably the fame; the lower 

angles, 


leurs angles embrafleroient tout d’un terns les train dents) quo Ton fup- 
pofc en jufe rapport *vec un pignon de lix> ct que I’on voulullcfaire ufage tie h 
fflcme mefure fur uneroue dc.42 dents, il cn rd'ulteroit evidcmment que cepig- 
non fe trouveroit de £ tbit dela moitic de fon diainetre trap gros. 

§ 13. Un pignon de fept qui feroit |>ar -fuppoiuion dc jufle groH'eur avee vine 
roue de 2i dents fe trouveroit, felon la memo mefure dc trois dents planes, 
prifes fur une roue de"* 7<3 trop gros de fon diamStre pnticr, dc forte que la 
• roue au lieu de 70 dents n’en devroit avoir que 63, &c. Non obftant que les 
angles fuperieurs, feit la circonferencc des roues depuis 12 .« 120 et au delfus 
, jufqucs a I’inlinij relativement a !a groifour d’un pignon donne felon nbtre regie, 
6 ' ‘ foiont. 
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angles, that is, the thicknefs of the teeth, are yet ex¬ 
tremely different in every wheel. 

§ 14. For inftance, all the wheels from, is to 120 
being Hoped and rounded with the fame file, the teeth of 
the wheel of 48 are half as thick again as thofe of 12, 
Sec. In proportion as the parallel?fin of the angles in- 
creafes, the teeth of courfe become larger and fuller, 
and each tooth eonfequently always exceeds the inter¬ 
mediate fpace in the fame proportion, and gradually as 
far as the right line. This, in my opinion, determines 
the proper fpace between the teeth of each wheel, whence 
follows the curve, equally conftant and advantageous in 
every refpedt, both with regard to the execution and to 
the uniformity in its lead on a pinion fuch as this, the 
thicknefs of the teeth of which is a flxth part of its dia¬ 
meter. 


foient ct doivent ctre invariablemcnt les memes, les angles infericurs foit 
Pepaiffeur ties dents, font cependant a cliaque roue tres different* 

§ 14. Par cxemple, routes les roues depuis 12 jufqucs a 120 fitant cflanqudcs 
et arrondics avee la mcmc June ou fnufe, les dents tie la roue de 48 font la moitic 
plus groffesou plusGpaifth quo celle dc &c* a'mefuvc cjue le paiallchfmc dcs 
angles angmentc, les dents deviennent naturellcment plus, groffes ou plus ^toffees 
(et le plcln par confc'qucntcxcedant toft} airs'le vuidc dans la m eme proportion et 
graducllcrncm jufcjiPa la ligne droite), C’eft la <ju* eft a mon avis le vrai point de 
vuidage graduel de chaque roue, d’ou fun naturellemcnt la courbc auffi conftante. 
qu’clle me paroit la plus advantageufe a tons egards, foit dans i Pcxecution, foil 
dans Funiformite, a peu de chafe pres, de la menee fur xm pignon tel que celm. 
ci, clont Pepaiffeur des ailes eft la fixicroe partie de fon diametre, tout com me 
^ Vox,, LXVITL , 6 D ,' Pexcedam 
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meter, juft as the excefs of the primitive radius or true 

diameter is the fixth part of its apparent diameter. 

§ 15. According to this demon fixation, founded upon 
experiments, and which I am able to make out clearly, it is 
eafy to fee what errors raid have crept into clock-making 
by tiie old method of taking for the pinion of fix three 
or a little more than three points of teeth; for pinion of 
feven, the three full teeth when fmilhed; for pinion of 
eight, the three full teeth, and the void fpace as far as. 
the fourth; for pinion of ten, four full teeth fo as the 
wheel comes out of the engine (the making of which 
has hitherto been trailed to women, children, and fer- 
vants); finally, for a pinion of twelve, five points of ra¬ 
ther ftrong teeth, with the lame arbitrary formality., 
Thefe methods, I muft repeat it, are only fit to perpetuate 

mifun- 


Pcxcedant du rayon primitif (oil diametre yrsu, eft la fixlemc partic do fon dia* 
'metre apparent. , . ■ 

| 15, Scion cettc d&nonftration fond& fur tics principcs ^experience et dont 
on pent donner dcs prenves evklcntcs, il eft aife tie votr et do ientir a quel ex¬ 
treme erreur cea ufages ont expofe rhorlogcrie juiques a prlfent ou Pon a fuivi 
conftammcnt Fancicnne mdthode dc prendre pour pignon de fix, les uns mi pea 
pIiH cjue les trois pointes de dents, les aufcres let trots 'polntes juftesj poor p3g*> 
non dc 7 les trots' dents plenties Indenture fifties pour pignon dr $ lea trots' dontSs 
pJeincs ct k vuidejufques a la quatriemej pour pignon de 10 quatre dents pleincs, 
telies que la rone fort da fendage, kqitcl JdPquea '1 prefent a et6 confie ZuX; 
femmes, aux enfans ct meme aux'iervantes, &t* R'hfin ■ pow .pignon de' cinq 
pointes de dents ua pen fortca avee la memo formality aroitrairc, methades nous 
® ' 7 
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.mifunderftanding and divifion upon the manner of 
fixing and afcertaining the firft principles of watch¬ 
making. 

§ 16. Nothing therefore ought to make us more fen- 
fible of the want there is of our companies of propor¬ 
tion,, than the confideration of meafures as ridiculous in 
themfelves as they are impoffible to fix; there is no pro¬ 
portion which can be fixed (except it be by mere chance) 
between thefe movers not even within fo much as eight 
or ten degrees of rife per tooth; whereas by our ma¬ 
chines, whole utility and the manner of making ufe of 
them is comprehended at firft fight, one may come 
within a quarter or even an eighth of a rile per tooth, or 
nearly fo. 

§ x 7* 


le repetons tout' a fait proprcs a perpetuer k fchifmc, la mcs-intclligcnce* et 
fcrreur fur la mauicrc propre a fixer les vrais et premiers principes de fluoric-* 
geric. 

§ 16. Rich ne devroit done mieux fairc fentir la ueceflitc de nos conipas tfe 
proportion quo des methodes <!e mcfurcs aitffi ridicules par dies mfimes qu’im- 
propres & fixer autun jufte rapport eutre les mobiles cn qiieilion, pas m6me 
a 8 et xo degres ck levees pres par aile y fi non par Peffet d-u pur hazard, 
tandte que Ton pent avec autant de prccifion que de facility par nos fufditcs ma- 
cMnesalter jufqubi$ ef.memef folt minute en degrade levee parailcpres,'et 
lew ufage£t la mamere de skii fervir eft m premier, 'coup d’oeil fi, aife'4 : 
cotbprcxidre qu*il ferotr fort inutile dPentrcr dans "m plw'grand', detail 
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§ 17. It is not fo eafy to adapt tliefe principles to our 
machines for all forts of pinions,, numbers- of teeth, and 
fizcs of wheels, and generally to whatever a£ts by lever, 
or wheel and pinion, or whatever is fufeeptible of rela¬ 
tion, dimenfion, proportion, and compcnfation, from the 
firft to the laft movers of a watch or clock; lor the leaft 
fault, either in the fyflems or geometrical principles, or 
the mechanical execution, is as fatal as would he the put¬ 
ting down a cypher too much or too little in the folution 
of a problem; arid the more fatal the more complicated 
the machine. 

§ 18; 


§ 17, II n’en eft pas de meme fur la manicre d’adapter les fufdits principes ii 
nos machines pour toutes fortes de pignons, dc nombres et grandeurs de roues, 
et generalcment fur ce qui agit par levicr et erigrenagc, aitiii quo fur tout ee qui 
eft fufceptible.de rapport, dimenfion, proportion, et raupenfation refpe&ivcs 
depute les premiers jufques aux dernier* mobiles d’une montre <-t peudulej 
nous favons par experience combicn de difference il y a entre lc roaniement dc la 
plume et clu papier a celui des inftruntens medianiqucs dout la conftruflton, fur 
tout pour de fcmblabks objets, cxigc la plus haute combination dans fes parties, 
aufli bicn qua la plus grande precifion dans rapplication des principes theo- 
xiques; car la plus legerc fautc, lbit dans ks iyftetnes ou principes 
gfomltriques, tbit dans lYxecution inechanique, eft aufli grave que ti l’on 
pofoit un chiffc de plus ou de moins dans des lblutions problcmatiqucs, a cette 
difference pres, que la derniere fera bicn tnanquer le jufte rcifultat, tout comme 
la premiere, mate que de plus celled induiraen erreur, fuivant la complication 
des objets, jufques a i’infini. ^ 

\ 18. 
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§ 18. The confideration of thefe difficulties has 
reduced me hitherto to keep filence upon the general 
couftrudlion of thefe inftruments; inftruments, in mv 
opinion, abfolutely neceflary for the conflrucfting of 
movements, fets of wheels, and motions, either rough or 
finifhed, according to the juft proportions. 

§ 190 But I make bold to fet down* as a fundamental 
proportion, that the true fize or relation between a wheel 
and its pinion is abfolutely fixed ; and in no cafe whatfo- 
ever arbitrary, as thofe who are not watch-makers- might 
pretend: for all the reafons which can be affigned in fa¬ 
vour of this arbitrarinefs would be as vague and deftitute 
of foundation as if one was to confider arbitrarily the 
true gradation of a fteel-yard relatively to its weight, or 
the length of a pendulum which livings feconds, whereas 

the 


§ i,8» La confederation dc ccs difficultcs nous a reduits jufqucs & prefent a 
garder le filence fur la cnnftruftion generate des ces machines dcvenues felon, 
nous iudifpenfables pour dlrigcr et confirm re des mouvemem,, rouages ct ca * 
d:a£lures bruts ou finis felon les vrales proportions rcqmfes* 

19* Nous 6ions done ctablir pour principefondamcmal, quo la jufe grofcur 
fait ,1c parfait rapport entre unc roue et fon pignon df inconteftablement fixe*, 
abfolu, et non arbitrage clans aucun cas, ainfi que tons autres que de« horlogers- 
pourroient le pretendre; car tomes les raifoas quo Ton pourroient alleguer ea 
favour de. cet arbitraire* feroient auffi vagucs et defences dc fondement que fi 
Pon enviiageoit arbitrairement lajude graduation d*unc Romalne foit Le^t^'rela— 
tweotent' k fon paid, umfi que h longueur in. pendul a feconde* ^bd^ique ten 
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the latter is fixed by nature and the general laws of gra¬ 
vitation, and its vibrations are in the inverfe ratio of 
the fquare roots of the lengths of the pendulums, which 
lhould be neither more nor lei's than 36 inches 8 and 
±ths of lines from the point of its luipeniion to the cen¬ 
ter of the lens, Sec. 

§ 20 . I have already faid, that each pinion, of what 
number foever, ought to raife its precife portion of 
degrees, in order to operate in the raoft uniform manner 
poffible its required revolutions; confequently, each 
tooth of a pinion of fix muft raife the 6o° which, form 
the aperture of its angles. 

§ 21. Let us fuppole this pinion to have one line dia¬ 
meter, and the wheel which turns it to have 10 lines 
and 72 teeth; then if, inftead of a line which is the due 

fize 


dernier eft fixe par la nature foit par la loi dcla pefanteur, ct que fes vibrations 
s’executcnt dans la rapport invers dcsracines quarrecs <ks longueurs du pcndul, 
qui doit n’avoir ni plus ni moins que 36 polices 8 ct f l> de lignes depuis 1c point 
dc fa fufpenfion jufques au centre de la lentil Ic, kc. 

§ 20. Nous avons deja dit quo chaquc pignon, de tel nombre que ce foit, doit 
lever fa pardon preeifc de degres pour opercr lc plus uniforasement poffible fes 
revolutions requifes, par cohfequent cliaquc aile d'nn pignon de 6 doit lever les 
60” qui forment 1’ouverture de fes angles. 

§ 21. Suppofons ce pignon d’une ligne de diametre ct la roue qui forme fon 
engrenage de 10 lignes ct de 72 dents, alors ft au lieu d’unc ligne qui eft la 

jufte 
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fizeof the pinion, we give it the twelfth of a line more 
(which, according to the rule of common meafures, 
would be imperceptible, fince there is often much more 
diftance between the extremities of two oppofite fyftems) 
it is evident, that upon every twelve revolutions there 
would be one wrong, confequently fuch a wheel of 1 2 
revolutions would, according to the right rule, inftead of 
7 2 teeth require only 66. 

§ 22. If then a pinion of fix, inftead of railing 6o°, 
fhould raife 65% there will not only be 30 0 in every re¬ 
volution of a pinion entirely loft with refpeft to the ex¬ 
pence of the moving force, but the extraneous frictions' 
go on in a continued progreflion, ad infinitum, , till a ftop- 
pageenfues, and this lbmetimes after a long lories of irre¬ 
gularity from, the very beginning ; a thing not at all fur- 

prizing,. 


jjufte groffeur dc cc pignon, on lui d'anne line dou/.iemc tic iigne clc plus (qul 
felon la regie de$ communes mefuFca feroit imperceptible puis-qu’ entre les 
deux extremite* tie diverfes opinions ct fyftSmcs, il y. a'beau coup plus d* fart 
encore) il eft evident que fur i% revolutions il y cn auroit erne tie wj&pmptc,; 
foit une fois cle ftm cliametrcy par confequcxit une telle roue dc i% revolutions an 
lieu de 72 dents, n’eo cxigeroit par la bonne regie que 66, 

22# .Si done un pignon dc 6 an lieu dc lever les 6o w enJeVe 65?, il y aura 
30 ? par ebaq^e revolution du pignon, non feulesrwnt cn pure pertc quaudii la 
depenfe de. la force motricc, mm les frouemens etrangci^:;foitarc|x>ateroens 
men tent toujours par progreflion a Finfini jufques- a ce que 
qutlque fois apres uac langpc ftutc d’irrcguiarites dejroi* 

.. ■ , 1 ■ / .’ ! ’’ ' etonjareac 
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prizing, if one confiders the defe&uofity of the princi¬ 
ples upon which the greater part of theie machines 
are conftrudlcd. 

§ 23. Let us reckon only a' 1 more of rite per tooth, 
vve {hall find between the four pinions (that of the cen¬ 
ter of 10, and the three of 6) 8780 a per hour, which in 
30 hours form a fum of loft labour for one complete 
hour. 

§ 14. Who does not fee that fuch an irregularity in 
the combination of a machine intended to mcafure time 
muft be the more prejudicial, from the impoffibility 
there is of eftabliftfing any fixed rule with relpedt to a 
juft and indifpenfable relation between the movers and 
their reciprocal actions.. 

§ 25. A pinion which is too final 1 in proportion of the 
diameter and divifion of the wheel will not be able to 

raife 


etonnrea pas, fi ton confictere la dcfc&uofrte sics prindpes fuivant lefqucls la 
plUpart dc ces machines d’horlogerie font conftruites. 

§ 22. Que l’ou comptc feulemcnt deux degres de levee par alle dc plus, on 
rrouvera enfre les 4 pignons (celui du centre dc 10 et les 3 autres de 6 ) 8780° 
par heurc, ce qui forme dans 30 heures unc fomme dc peine* perdue*, pour unc 
heure complctte* 

§ 24. ',Qui ne font qu’u.'rt tel ecart dam lacombmaifan A\mt machine deftmee 
pour mefurer le temps, dole ctre d’autant plus prejudiciabic cjuc Ton ne fturoit 
jamais dtabiir aucune rdgle fixe, en faveur d’un jufte et indifpenfable rapport, 
entre Ics mobiles et leurs adlions reciproquest 

§ %$« XJn pignon trop petit m raifoh du dkmetre ct del a diyilion de la tone 
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raife the required degrees, becaufe the aperture of its. 
angle does not anfwer to that of the teeth of the wheel: 
for inftance, a pinion of 6, which is f-.ths of a line fmaller 
than the true rule makes it, will raife only 55°, when 
the tooth of the wheel has carried the tooth of the pi¬ 
llion as far as its extremity on the aperture of its angle 
allows, it is forced to leave it before the tooth which fol¬ 
lows is come to the fame place from whence the other fat 
off, conlequently it falls 5 0 which are wanting to its juft 
rife; this is what occafions the precipitations of the ba¬ 
lance, which are fo dilagreeable to the ear, that one is in 
much greater hatte to correct them than to prevent the 
retardations which, no doubt, arife from the other extre¬ 
mity; that is being obliged to make a forced rife, or a 
greater one than the true proportion of the diameters re¬ 
quires, 


nepourra lever les degres requis,-' parce que Fouvo-rture de ion angle nc repond 
point a cebu dcs dents.de la roue; par example* tin pignon de 6 de V* 5 ’ tleiigne 
plus petit que la veritable rfglele-ififce, m levm que 55 0 , hi dent dc k roue ayant 
mene FaUe du pignott aviffi loin quefou ektr&Mfg on rou.vtrui.re de fon angle le 
pe'rmct, eft. oblige de Ibibandonner avant qm lVile iiiivante arrive a-la mcme 
% place dVVFautre'eft parti ftntbdtela llgrte do# centres, il fait par confcqucnt 
tine chute de 5 0 qm mauqu.'nt a fa julle lc\ee> eddit cc qui cade les predpiu* 
tions du balancier qui enoqncnt It fort Fereiilef CVft pourquci on eft bcaucoup 
plus cmpreijfe a les corriger qu a prevenir les lenteurs, qui fans doutc provicn- 
mrtt de Fan* re extrernkc, parce quVant oblige de faire tine levee for<^#Wf>plas 
grande'que le julle rappoit dc$.»diatnetrefr dei ^ 

Vat* LX V ill, 6 E. , ■ • :u ! arctentement 
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quires, they meet with an oppofition occafioning this 
flownefs infinitely more prejudicial than the precipita¬ 
tions. 

§ a6. The difference then which there is between a 
pinion that is too large, and one that is too fmall, is, that 
the firft will occafion irregularities, but never a ftoppage; 
whereas the latter will produce both the one and the 
other: confequently, if one had no choice between thefe 
extremities of error, it would be better to declare in fa¬ 
vour of the fmalleft. 

§ ay. Might it not with juftice (as an ingenious clock- 
maker obferves) be objected to us, how ufelefs a thing it 
is to determine the right proportion in the relation of 
the diameters, whilft the fame defeat of proportion fab- 
fifts in a much higher degree in the general inequality 

of 

areboutement qui occaiionne ccttc lenteor, infiniment plus prejudiciable que les 
precipitations* 

§ 26. La difference done qu’il y a entre un pignon trap petit on trop gros eft 
telle, que le premier caufera bicn dcs irrcgularites mak jamais d’arrets, an lieu, 
que le dernier produira Run «1’autre, par confequcnt ft Fan n’avok d'autres clioist 
que ces deux extr&nitcs de vices, il vaudroit raieux fe declarer en faveur du 
plus petit* , 

§ 27. Ne feroit on pas fonde (cotnmc le remarqnc an horloger de g£nie) a 
nous faire la legitime objeftion, de l’inutiUti qu’il y a a determiner lajufte pro¬ 
portion dans le rapport des diametres, tandis que le meme vice de ladifproportion. 
fubfifte a un plus luut point encore, dans l’irregularite gencralc de la divilion des 
a tQui'a, 
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of the divifion of the wheels which in our day has been 
carried to the heighth ? I anfwer, that to form to one’s 
felf a right idea of the important confequences of a true 
or falfe divifion of the wheels, it will be neceflary firll 
id enter into rather a greater difcuffion. 

§' 28. The true and juft divifion of wheels and pinions 
is, that all the teeth fhoultl be at perfectly equal diftances 
from each other, or at leaft divided into fo many per¬ 
fectly equal parts, which is the fame thing. 

§ 29. Confequently, a wheel of 60 teeth forms 60 
angles of 6° of overture each; if then, for inftance, thefe 
60 angles are open at different degrees, that is to fay, 
one half only at 4 or 5 0 , it is neceflary that the other 
half fhould be intermixed or opened at 7 or 8°; we muft 
remember that each angle of the wheel, no matter what 

number 


roues, qui aujourd’Uuy eft portee a fbn eomblc; nous repondons qoe pour ih 
Former tme jufte idee des confequences importances de la vraie ou faufic divifion 
das roues il convicndroit au-paravant d*cntrer dans nn detail unpeu plus con fi¬ 
de ruble. 1 

§ La vraie et jufte divifion dies roues et dcs pignohs eft quo toutes Ics dents 
ou ailes do! vent etrea ck$ diftances par fakement igalcs Tune de Pautre t ou bien dL 
vlfees tn autant de parties parfaitement egales, cc qui eft la rhemecho'ie* 

, § 29. One roue de 60 dents, forme conRqucwment 60 angles de fix degres 
dkmverturc chacun, fi done par exemplc ccs 60 angles font ouverts a diffemis 
degre.% e’eft & dire la rookie feulemcnt a 4 ct 5% ' 11 Faut nieeffairemen| ^i r au- 
tre moitie foil eritremfclee' ou de finite ouvme.l'7 or 8*$. Lon "Hit Speller 

6 E %' ^ a ' quo 
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number upon a pinion of fix, muft operate in a mutual 
proportion the 6o° of rife by which the angle of the 
pinion is open; from whence it happens, that the angles 
of the wheel, open only at 5 0 , will raife only 6o° above 
tliofc of the pinion; but, if they arc open at 7 0 , the rile 
w'ill be of 70° inltead of 6o°. 

§ 30, There are likewife a great number of defeats 
which are increafed two and tliree-fold by the ufual con- 
fequences attending wheel-engines, the fmall tooth of 
which is conftantly expofed to become lhorter than the 
large ones, in proportion of its fize. This happens in 
the following manner; the file, which is to round elf, 
working on each fide equally, does not take more from 
the fide of the large tooth than it does from the fmall; 
confequently, the fmall one is lharp whilit the large one 
' lbill 


que chaque angle tic la roue n’impom* deque! .nonihre Cur pigeon tie fix >!rit r>|,e- 
reren mmuelle proportion les to 0 tic levees do n Fung,*.* tlu pjgiP n eft ouveit; 
d*ou fuit que les angles de la roue leulcimntou verts a 5", n’opereront que 50° 
iur ccux tlu pignon, nuts que s’ils font cuvet ts a f ta l.vce lira de 70° au lieu 
de 6o°, 

§ 30. Je ne parlcrai pas d’un ccmcours de' vices qui fe double et fe triple 
par FcfFet ordinaire des outils aox dentures, ou la petite dent eft expolet a tlevc- 
nir toujours plus courte que les groffs, <n raifbn de fit petit*.fie; .tela arrive de 
cette maniere, la lime a arrondir mordant: des deux cdtds egakment; nVmporte 
par plus <1 etoffe <lu cote de la groffe que de la petite dent, par confequent it j a 
encore du plat fur la groffe que la.petite eft deja pointuc, il faut nccclfairement 
4 raocourcir 
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jftill continues flat, one muft therefore fhorten the fmall 
tooth in proportion to the fize of the larger. 

§ 31. When the teeth were ufedtobe finifhed by hand, 
there was great care taken to keep all the teeth of the 
feme length, even when it was impoflible in irely to cor¬ 
rect or take off their inequality: in confequcnce of, this 
care, the wheel at lead: ufed to be always perfectly 
round; whereas when the tool is ufed, the wheels are 
unavoidably as ill-rounded as they are unequal in their 
divisions, fo that the teeth ought never to be finiflied 
with the tool, unlefs they are thoroughly equally cut. 

§ 32. It is therefore eafy to conceive, that the pinion 
becomes fometimes too large, anti fometimes too fmall, 
upon the feme unequal wheel, and that the angle of the 

tooth 


raccourcir la petite dent dans la mCmc proportion qu*il y a plus tie maticrc a la 
groffe. 

§ 31, Lors qukn fmiflbk les dentures a la main on s’attachok fuigneuft* 
went a tenir touces le$ dents de la mime longueur, ra&ne loss qtfon ne pouyoit 
corriger on remedier Micaceraent ilbur megalite; la rente par ccttc; precaution' 
fe trouvoit do mains toujours parfahement roade, au lieu qu'a Toutil 1^8 tomcs 
deviennent incvkablement auffi mai rondos qtfelles font .i negates dans leurs divi- 
jSons; eo forte quo Von devroit jamais fmir les dentures a 1 ’outil a mom* 
qu’elles ne fui&ut fondues parfftitement egales* , ,• 

§"32* II ett'donc aife de compromise quo le pignon deyient;tantfit trpp grqs,^ : 
imtM trap jfurtla wfont' tom nnegule 4aii¥U*lt 

do 


'.j'* 
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tooth of 6o°, being more or iefs open, produces an error 
of i o degrees on the true rife of the pinion. 

§ 33, Let the arbitrary general praftice be what it 
will, certain it is, that neither the degree of depth of the 
wheel and pinion, nor the fulnefs, nor the tize of the 
wheel, can eftabtifh any principle analogous to the har¬ 
mony and perfect agreement of the movers we are talk¬ 
ing of, to wit, the true ftze of the pinion; even the moft 
perfect geometrical curve, fuppofing it praaicable, could 
not make the pinion raife a minute more or lefs in de¬ 
grees, without a juft proportion of their reciprocal dia¬ 
meters. 

§ 34. It is therefore impoffible to ufe too much atten¬ 
tion in conlxdering the relations and proportions of the dif¬ 
ferent movers which aft; by levers and wheel and pinion, 

fmee 


dcla denture de 60 ouvert d’unc degre de pi us ou de rnoins, produit un ccart de 
1 o° fur la jufte levee du pignon. 

§ 33. Quoi qu’il enfoit du fyftcmc: arbitral re ct de la routine generate, il n’v a 
nile fort ni le foible deg engrenages, ni lc pi cm u> le vuidc, qui puifle ctablir 
aucun principe analogue a I’harmonic et au parfait accord des differens mobiles cn 
queftion, foit la jufte grofleur d ? un pignon, la courbe geomttrique metne la plus 
parfaite (quand elle feroit praticable) ne fauroit non plus fairc lever au pignon 
une feule minute en degre's dc plus ou de moins fans le jufte rapport de tears dia- 
metres reciproqucs. 

§ 34. On ne fauroit done aftes prendre en confideration la partic deg rapports 
et dcs proportions deg diffSrens mobiles agUfans par leviers ct par engrenages; 
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jfince thefe are the moft efiential objects of clock¬ 
making. 

§ 35. This rule arifing from the center of the move¬ 
ables themfelves, for the which it is principally ufed, it 
is right to deduct one revolution of a pinion, in confequence 
of the juft balance or perfecft equilibrio between them ; 
whence it follows, that the retrenching a complete revo¬ 
lution of the pinion will take place only at the feventh, 
or at forty-two, which feventh too ftri&ly fpeaking is 
only the fixth, fince the firft revolution ought not in fa£fc 
to be reckoned, being fuppofed to be in equilibrio with 
its aflbciate, the wheel of the fame number and fame dia¬ 
meter; for the pinion making feven revolutions for one 
of the wheel, one may fay with reafon, that one a£tive 
revolution of the wheel will make feven paftive ones of 
the pinion, and deducing that, of the wheel, the effec¬ 
tual 


puis que ce font les objets les plus cflentlels de Fhorlogerie. 

§ 35* Cette regie fortant du centre des mobiles memes quL font le principal 
objet dc fm ufage,. il eft de Fordra de.deduire tine revolution du pignoa cn-ftifin 
de la jufte balance,"<m du parfait equilibre entr ? era, d*au il fuit que le retranche- 
ment cPune revolution complctte du pignon n’aura lieu qu*a la»ftpdemefolt & 4$ 
qui cependant & bien compter ifeft que la 6* pub que la premiere revolution nc 
doit point entrer en ligne de compte,. etant cenfee fai.ro equilihre avec fa conr* 
forte la roue du meme nombre et du meme diametre, car le pignon faifant fept 
revolutions pour unedela roue, on pent,dire avee raifun qu 9 une.Tevolutipi;aA : w: 
dela roue en dpirt'fept paffives du pignon, et en'iMduifinf celle 'delalbue^i'les 

. 1 ■ ■ ' ' rlvpltitianir. 
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tual revolutions of the pinion remain at fix inftead of 
feven, or elfe we mu ft confider the revolutions of the 
wheel with thofe of the pinion as one to feven, of which 
the juft refillt is fix. 

§ 36. If then one wishes to know what the juft de- 
(] action required amounts to in every cafe, one need only 
divide the apparent diameter of tire pinion by the num¬ 
ber of its teeth, and the quotient will be the juft portion 
for each of its revolutions, which confequently upon fix, 
makes the fum of the entire diameter of the pinion of 
fix, as is proved by the annexed table. 

§ 37, In Cfife of neceflity one might confider the re¬ 
volutions under two points of view; the firft of them as 
active, and the other as paffivc. 


revolutions effe£lives <Ju pignon reftent ;i 6 an lieu ,«k 7, ou Wen il faut conft- 
derer les revolutions tie la roue avec ceux du pignon comiwe un a ft*pt et dont le> 
jufte refultat eft fix. 

§ 36. Si done, on veut favoiri quoi fc monte dans tousles caa !a jufle deduc¬ 
tion require, il nc s’agit que tie dtvifor tc diameire apparent du pignon par le 
norabre de ics allcs et!e quotient fera la jufte portion pour chacune dc i'es revo¬ 
lutions, qui par confeqnent iuf fijefatt la fomt'ne dn diatnetre entier dont le pig¬ 
non de fix i'e trouve revetu, ainfi qtie le calcul de 3a table cy joii.ee en fait foy. 

§ 37, Au befoin on pourroit envifager les revolutions fous deux points de vucj 
fijavoir les premieres comme paflives ct les fecondcs comtne aflivcs. . • 

: ■ ' . ‘ ' \ t°. Les 
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The former fticli as regard the duration of the motion 
or quantity of the vibrations. 

The others, whofe object is folely the conftant propor¬ 
tion of the diameters of the movements -in agitation. 

,§ 38. In the firft cafe one reckons for a revolution of 
the pinion as many times as it is contained in the num¬ 
ber of the teeth of the wheel; tills mode of reckoning it 
is well known is abfolutely necelTary for obtaining the 
required conclufion. « 

§ 39. The fame is not true with refpeCt to the latter 
cafe, in which the revolutions of the pinion are only 
reckoned to fix the true proportions of their refpedtive 
diameters. 

§ 40. The harmony required between the two movers 
is the fame as if they had contracted a perpetual alli¬ 
ance, 


J>s revolutions quiont pour abjet la durcc do mowement ou k quantile 
dcs vibrations. 

u° m CeUes qmi ont uniquement pour objet les conftants rapports da diame- 
tres entre les mobiles en queftion* ., ... *', 

§ 38. Dam le premier cas IMn compte pour revolution du pignon autant dc 
fois qu’il eft contenu dam le nombre des dents de la roue; cctte maniere decomp¬ 
ter eft comme Ton fgaUindilpenfablc pour obtenlr Ic refultat qu’on demands* 

;§ 39* Mais.il n*en eft pas de mcme du dernier cas ou les revolutions du pig-' 
non ne fe comptent quo pour ftxer les juftes rapports de lours cliametres red- 
proques*,;/ : ■ , ' , ., , ■ ( _ w 

- § 40. L’harmonie requife entre les deux mobiles en queftion eft telle que s-ils 
avoir nt contraftes tine alliance perpetuclle i fc maintemr mutueftement dans le 

Voi, LX VIII* 6 F , ' mkoc 



gj8 Mr. le cerf on a new-invented 

ange, to hold conftantly the fame proportion towards 

each other, jult as if they were always in perfecft equi-* 

librio. 

§ 41. However it be that this centrifugal law fcems to 
adapt itfelf to the ufe one dcfircs to make of it, it is not 
the lefs fixed and permanent; nor can it ever occafion 
the leaft error, provided only that the wheel pays its pe¬ 
riodical tribute of dedu&ion in favour of the pinion; in ’ 
that cafe it will be equally in the fame proportion at the 
end of one revolution and of a hundred thouland. 

§ 4a. In a word, the whole mylfery of this golden 
rule is comprifed within the true and the apparent dia¬ 
meter of the pinion; whence it follows, that the deduc¬ 
tion pofitively required is exactly the excels of the appa¬ 
rent diameter above the true one; a deduction which for . 

a pinion 


inStne rapport (moyennant on certain retranchcment) tout comrac s’iis ctoient' 
tofijours dans tears parfaits cquilibres. 

§ 41. Qijoi que ccttc rdgle centrifuge paroiffa s’accoimnockr a l’ufage 
quo Fon en vcut.faire, die n’eft pas moim droitc et pernumeute et nc peut 
jamais induirc dans hmoindre erreur, pourvfi ’toutefou que la roue. pay* tbtt 
tribut ptuiodique (foit 4 c dedudlion) en favour du pignon, eilc its trouvera 
alors avifli bien dans 1c meme rapport au bout dc cent nulle revolutions qu’elle 
Fetoit a la premiere, 

§ 44. Enfxn Fon faura que tootle miftfre dc cette regie d’or, confiftc entre 1 c 
diametre vrai ct le diametre apparent du pigtion, d'qti il fuit que ccttc dcdu&iont 
abfolument requife eft pofitivemcm la portion dent Ic diamdtre apparent e*c£de 

' ' ■ ■ ■ ■■■ ; ■: . . ' do 
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a pinion of fix is a fixth part of its diameter; for one of 
feven, a fevenfh; for one of eight, an eighth; for ten, a 
tenth; for twelve, a twelfth, and fo on of all the movea¬ 
bles lerving for pinions. What is meant by a pinion in 
watch-making is that moveable which is fet in a ft ion by 
another of a greater number of teeth, and communicates 
its motion fucceflively to the laft of them; hence all the 
pinions relatively to the fliape of the teeth of the wheels 
and pinions require an addition of the true diameter, and 
that is what is properly called the apparent diameter. 

§ 43. We muft, however, except the rochet pinions, 
becaufe the whole primitive radius nearly as far as the 
extremity of the tooth is run over by the point of 
the tooth, which is of a rochet form, as well as the 
tooth of. the pinion. But whatever advantage thefc 

rochet 


<Ju vrai, deduction qui pour pignon de fix eft la fmcme panic defon diametre, 
pour pignon dc 7 la f, pour 8 la 8% pour 10 la 10% pour la la lag Vinfi do 
reftede tous les mobiles fervant de pignon; Ton entend dans l’horlogerie par le 
mot de pignon, cc mobile qui eft aftionne par tin autre plus nombreux, .ct qui 
colmwmique ftiCiCeflivcroent lemauvenjent, jufqu’au dernier des mqbib®? cse qui 
fait que tous les .pignops, rclativement a la nature dcs engrenages, exigent un. 
cxeident da diametre vrai, que 1’on pout nommer ajufte tiore, ie diametre 
apparent. •' .■ , ' ■ ' ; ., 

• -ifeoftot exceptcr les pignons panso que tput la 

.rayon 1 pri^^.jufiju’^ Kextremite dc Haile a.tres .peu' %qM* e 'PW' 
par la pointe de la dent egaleuient forrocc en rochet tout comme Haile du pignon j 

6 F z ■■■■■■ : 'nub 
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rochet pinions feem to offer themfelves with, in confe- 
quence of a theory founded upon the advantage of the 
uniformity of the frictions, experience teaches that, in¬ 
dependently of the difficulty there is in the execution, 
this fort of pinion is much more vicious than the other; 
it is confequently quite out of ufe. 

§ 44. I think it not at all requilite to anfwer the vague 
objections which the friends of the arbitrary method- 
may fupport their fyftcm by; it is enough for rae, that 
almoft all watch-makers are agreed upon the fulnefs of 
different pinions, and on the form of their teeth, to leave 
the neceffary ftrength and confiftence, which, for a pi¬ 
nion of fix, comes , to nearly afixth part of the diameter; 
for one of feven, to a feventh; one of eight, to an eighth 

one 


jmais aivec quelle avantage que ces pignons a rochet fe prefentcnt a notrc idee 
fbndec meme fur une tbeorie bicn raifonnee en favour de l’uniformitc des frotte- 
mens, ^experience nous demontrc, outre la grande difficult^ dans ^execution,, 
que cette fort* de plgnon eft bcaucoup plus vicieufe quc lea autres; auiK n’en fait 
on, prefque plus d’ufage. ' 

§ 44. Nous nouseftimons tres difpenfe de repondre ou de combattre toutes les 
objections vagues, que les partifans de 1’arbitraire pourroient alWguer en faveur 
de leur fifteme; il iuffitque prefque tousles liorlogcr* (bn td’accord for le point 
de vuidage des diflerens pignons et fur la forme dc leurs ailes, pour cn laiffer la‘ 
force et confidence n&efTaire qui fe reduit pour plgnon de 6 a tres peu de dhole 
pris a la 6* partfe de fon diam&res -pour plgnon de 7 a la fi pour 8 a la 8*;- 
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one of ten, to a tenth, See, The moll ordinary work¬ 
man is able to judge at firft fight, whether the pinion is 
deep and open to the center as it ought to be, and if the 
wheels are of a proper flatnefs, &c. . 

§ 45. And though there fliould be fome little varia¬ 
tion as of fix to fix and a half, and from fix to five and. 
a half per tooth of a pinion of fix; this difference, 
though very fi:rik.ing to the fight, would not either in- 
creafe or dim infill the apparent diameter by even a forty- 
eighth, whence firictly fpeaking there would only be a 
twenty-fourth part of a tooth, more or lefs, which would, 
raife about two-thirds of a degree per tooth, fo that one 
may in fact look upon all objections of this nature as 
being as Vague as they are groundlefs. 

§ 46;. 


poor to a la io% &c, V fi que le pins fun pie ouvrier ea ce genre eft affes habile 
pour juger du premier coup d’oeil, lx mi pignon eft enfonce tl vuide a fon.ppint^., 
ct ft le> ailes ftrnt biea form£e en• planches, &c* ■. v ; ; 

§ 45*. Qpand il y adroit memo quelque petit ecart commode 6 a 6| et de 61 
5 f par aile, d’un pignon de fix* .cette difference, cptoi que tres frappantc a la ». 
vme, n’mgmmumit ni. ne-diminueroit fon diametre apparent, pas fculcment d’um , 
4 $ c <fon ii relbkerjoit a route rlgueur feulement la %4 C panic, d’une.dent de plus , 
on de'-tomn'S/qtii opereroit environ J de degre de levee par fort©'que fori- 

pourroit judkieuftt^uit • eitvifager les obje&ioAs.d© mp® > 

6 . 1 1 § 4 $ 


' * • •• 
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§ 46. I ft rail not ftop to give Id Ions upon the fixing 
of the true point of the depth, booaufe every workman- 
or finiftier mult know from the firft elements of this 
theoryj that the right depth mutt begin upon the tooth 
which divides the line of center; that is, that in every 
,cafe, whether of two lmall or two large pinions, one 
.muft look for the middle of the two extremities, and fix 
the point of their depths, when thele two movers run 
the moft eafy. Let only, I fay, this fame method be pur- 
filed with refpeft to pinions of juft fize, by carrying on 
the depthening a little too far till one perceives a fmall 
fall, and then carrying it to a diftance again to make this 
fall difappear, all the requifites for a good and perfect 
depthening will be found united; for the pinion being 
iu the due proportion with its tooth, the lead or depth 

can 


§ 46. Je tie m’arreterai point id pourtlonncr dcs lcyms fur la fixation du mi 
point dc 4 engienages, puifque chaquc ouvrier {bit finiiieuf dokfayw ce la par tea 
pvemiets-eleraenad® aette theorieique 1'atteuclictncnt ou la lajemw doi't.coinmcnccr 
•fur l’aile partageant la ligne ties centres, on fiiivant mC-mt Icuftt nut mites ordi- 
mires; c’dl' a direqiaktrdok cbercher dans touts ks cas foit pour pignons trop 
,p«its, le milieu dcsdeuxextr&nitcs et fixer huts point* dfcogrfcnag** ou <es deux 
mobiles roulent le plus douxj que Item i'uivc dis-jc, feukraeat la tmb»»e mctUode, 
a ■ Mgzfd des pignons de juflte* groffeurs eu jwfent fengrenage mi peu.irop , ca, 
avant juftjues a ee qtie fon a’apper^oive tFiwui petite 1 cMte, et.cn I’doignxnt -opr!.; 
■fuite pout,fairs difjwraitre emcbtifei'*»«*» to,caBdttions 4*»n bcp{U'|#fi 
engrenage s’y trouverontreunies, carle pignon ctant daua foa *V«V 

la 
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can only begin fucceflively upon the central line, as like- 
wife the operation of the rife- in fo many required de¬ 
grees between thefe two moveables, the proof of which 
may be evidently demon fixated by the inilrumcnt made 
with two parts of a circle, in which the arc of the rife, 
run over by each of the movers, is diftinguifhable to one 
half, one quarter, and.ev$n one eighth of a degree. It 
would certainly be fuperfhious to point out the manner 
of operating with fuch a machine, fince all thofe who 

■, ■ 4 

have any notion of the method of ufmg mechanical and 
mathematical inftruments will immediately fee what is ■ 
meant. 

; ,§ 47. But fhoukl any body doubt of the reality, the 
Utility, or the importance of this rule, the means of fa- 
tisfadtion are offered by the experiment of the degrees of 

rife 


a roue, l’attpucliement, ou la mencc nc peut <lu raoins quo commcncer fuceef- 
fivement fur la ligne ccntrale, ainfi que l’opdr'ation de la levde en autant de de ■ 
gres requis, entre ces deux mobiles, dout la preuve fc peut demontrer d’une ma- 
niere evidente par l’inftrumcnt a*deux portions de eerele, ou 1’arc de lcv£e par " 
couru par chacun. des mobiles, fe diftingue jufqu’a £, £, et memo d’tm ■ 
tlegre pres;, il fexoit fans doute tres fuperflu d’ir.diqucr la mauiere d’opfrer fur 
la dite machine, car toutes les perfonnes qui auront quelques connoiflance et 
quelqoe pratique des inftrumens de mcchanique ou matheiuatiquc verronc au pre- ■ 
mibt'cbtip-d’Geii'ae quol ils’agit. ' -f-'' ; ' yy’ : ' 

§47, vouldit revoquer en doute’ la Alitdd’tttllitei^l’liif^ 

pottance de cette regie, bri ofire les' moyens a toufcdWx qtti le ; 

' 'I , . ■ fake 
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rife required. This will convince every body, as it has 
convinced the author, who both looks upon this opera¬ 
tion as the heft touch-ftone, and confiders it as an axiom 
equally new and eafy for the refolution of a problem 
which has been an object of debate amongft watch¬ 
makers for above a century. 

§ 4I8* The* author thinks'too, that this rule is applica¬ 
ble to all pinions whatfoever. The pinion of fix has 
been .chofen for the experiments, as inconteftibly the 
.moft vicious; ib vicious'that, in my opinion, it deferves 
the fate of the pinion of five, efperially for very good 
watches, which perhaps will be ihll better made out 
when one comes to know the gradual difference there is 

between 


fairc l’experience par lcsdegres de levees requisj pour s’en cO'.vaincrc indubita- 
biemerit tout com me l’auteur, qm eftime a juftc titre cette opera: ion coir.mc la 
meilloure pierre tie touche et mime qui la regardc coininc un a ■ ionic auffi facile 
que nouveau, pour vefoudre fans replique un problcme rpi cUpuis plus d’un 
fi&lc a fait un objet de dehat et de coutcftatioti dans Phorlogcric; puree que 
1’incertitudc ties vrais principcs a etc une fuitc prcfquc generate julques a nos 
jours 1777 j aiqfi que I’experienee 1c demontre evidemment. 

§ 48 L’auteur penfe au rcftc que cctte regie eft applicable a tous les nombres , 
et pignons quelconqucs; et pqur plus grande furete tie preuve dans les differcnfcs 
experiences, Eon a chotfi le pignon de fix comme etaat fans conn edit le plus 
vicieux, ou le moins avantageux de tous les autres-, auffi a mon avis meritcroit 
H le meme fort que le pignon de cinq, fur tout pour dcs montres de qualtte, cc qui 
fe verra peut-etre dans fon temps quand on connfiitra la difference graduelle qui 

" & 
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between each pinion, which will be amply proved 
by forae experimental obfervations of fome friends of 
mine on the theory and practice of watch-making in 
general. 

§ 49. I will not, however, pretend that my in- 
ftrument is not hill capable of feveral ufeful improve¬ 
ments . 

§ 50. But I ftibmit the rule, together with the com- 
pafs of proportion, to all ingenious and well-informed 
perfons, either for approbation or full confutation of my 
fentiments. 

■I oi> 


fc troave entre cliaque pignon et qui fcra implement dctaillee dans lesobferva* 
tions experi men tales de MM* L.C. et P* fur la thcorie et fur la pratique de 
Phorlogeric -cn general* 

§ *49* MUlgrS dcs preuves aufft autbentiqoes et atifli, convamqua'ntes de la 
reaiitd de mon fufdit expofe, je n’oferois eependant pas dire que la machine 
nc foit pas fufccptiblc d*\mc plus grande perfeftion et dc tlivories additions 
avantageufts# 1 

§ 50* En attendant on fotfmct, avee unc fimfroconfiance cettc regie ainfi que 
le com pas de proportion, qui dans tons les cas tui fert de deinonftrateur ct th 
rapporteur, fidcle, a i’examen dcs performs cclairces qui peuvente# tee juges 
compctens, pour.cn obterar V approbation cn faveur des vrais principes, ct pour 
exciter' rcuaulatiou.fi neceffaire dans Phoriogerie $ Si an contrairc cette approba* 
ttm »aVpw ; Ifcafy ,,,04 demande unis'‘refutation ■ m' bonnet'dtffe* forme*, : , 

Vox. LXVIII, • ' 6 Q ’ r f SK 
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§51. And though the the of the compafs extends to; 
a great multiplicity of objects, I have only mentioned the 
molt intcretting ones with regard to watch-making.. Ob- 
ferve that each pinion has its particular divifion upon the 
branches of the inftrument, and that each column is di¬ 
rected by the number of pinions from iix to twelve. 

§ 52, The line or moving branch, which croffes the 
two branches of the compafs, is divided according to the 
French foot in inches, lines, &c. to a 48th or 36th of a 
.line; lb that one may know at one and the: fame time 
both the true proportion of the different diameters, and 
their precife lizes, If one willies to know the lize of a 
wheel for a pinion of a given thicknefs, one puts the pi¬ 
nion 


§51* Quoi quo Tufagc de notre fufdit cornpns s’ctcnclc fur nnc multitude 
d’objets, on a feulement cite les plus imereffuns rebut vemem a Thorlogerie $ on 
obfervera que chaquc pignon a fa divifion particulicre fur les branches tie la ma¬ 
chine et que chaque cotomnc eft dirig& par le nouibrc dcs pignons depim 6 
jufques a 

§ $2* La Hgne on branches mouvante qm croife les deux branches du compns 
porte la divifion du pied de Hoi, cn ponces, lignc.% &c* jufques k un 48* ou 36 don- 
ziSmcs de lignc, car une lignel la machoire donne m ponce fur la elite divifion da 
pied ; en forte que Von peat favoir tout d*un terns et 1 c juterapport dc* different 
cliametres et fears grandeurs prfcifes, &c*; fi Ton veut favoir la grandeur crime 
roue, pourpignon (fane groffeur da&afr* on fait entrer le pignon jufte oiitre les 
a* deux,, 
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nion between the jaw, and one carries the divider to the 
number of teeth which the wheel muft have and the di¬ 
vifion of fuch a pinion indicates, then putting the divider 
of the other branch facing the aperture of this angle 
will indicate the juft fize of the wheel: for inftance, if I 
have a pinion of fix, and want to know what muft be 
the thicknefs of a wheel of fixty teeth, relatively to tire 
proportion of the faid pinion, I take the juft meafure of 
the pinion by the jaws, and put the divider upon 60 of 
the column or divifion of the pinion of fix, and the other- 
divider facing, then the aperture between the points of 
the divider, is the fize of the wheel. The fame opera¬ 
tion takes place in all the other pinions, according to their 
numbers, with this provifo, that you muft do the reverfe 

when 


deux machoircs on pmccs et on mono k coolant fur lc nombre dcs dents epe la 
roue doit avoir cl; quo la divifion dkn tel pignon imiique; el cn mettam lc cou* 
Lint de Pautre branche vis a vis, Pouverture de cet angle hulupierzi la juftc,gran¬ 
deur de la roue j par example, fi jYt un pignon de fix et (pie jc veullte favoir de 
quelle grofleur ime roue dc 60 dents doit'6tre rclativcment au rapport du dit 
pignon, jc prencls la mefure jultc dm pignon, par ks machoires, et je mets Ie com** 
lant, fur 60 dc la colonne foit de la divifion du pignon dc fix, et Pautre coolant 
vis a vis, alors Pouverture entre ks deux bees dcs coulans eft la grandeur do la 
roue; la memo operation a lieu pour tom les autres pignons felon leura nombres; 
hlca entendu pt’il faut faire Poppofc lorfqu’oa a unc grandeur dc roue dennee et, 

6 G 2 , ' qm 
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when the fize of the wheel is givens and you want t6> 

know the thicknefs of the pinion. The fame thing 

holds for the meafure of the vargcous palets, the balance 

wheel, the cylinder and its wheel, the fufee and barrel,, 

the pivots, and,, generally lpeaking, whatever requires 

dimenfion.. 

§ 53„ In order to find immediately the true proportion' 
between the flide wheel and the curb, you muft put the. 
hide wheel upon the number you wifti it to have of the 
divifion.of the pinion of fix; afterwards (without mov¬ 
ing the head of the compafs) you feparate the moveable 
dividers till the, wheel of the curb is exactly upon it, and- 
ibis on the number of the divillon of the pinion of fix, 
indicated by the divider, that the, curb muft be Hit., 

§ 54. One muft obferve, that the divhions, of the pi¬ 
nions of ten and twelve is the fame upon the two. 

branches;, 


que l’on veut favbir la groffitur du pignon; il cn eft dc mcme pour la nidfurc des 
palettes de verges, dc la roue de rencontre, till ctlindi'c et dc fa roue, cle Ja fufee- 
et barillet et des pivots, ct gertf-ralemcnt de tout ce qui cxigc diraonfion, 

§ S 3 - Pour trouver suifi tdt le jufte rapport entre la roue dc rofettc fur 1c 
rateau foit la coulifferic, it faut mettre la roue de rofcttt fur le nombre que Pen 
fouhaite qu’elle aie, de la efrvifion da pignon de fix, enfuite (fans bouger la tetc - 
du compas) l’on eloigne les coolants jufques a ce que la roue dc rateau s’y trouve 
jufte, et e’eft fur ce nombre de la divifion du pignon de fix que 1c coulant in-- 
dique, que le rateau doit etre fendu. 

§ 54 - h faut obferver que la divifion poor pignon de to et dc tflt eft de mSme-i 

fur 
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branches; this is done the more eafily to put the two 
Aiders facing each other in all cafes. 

When one willies to meafure pieces which are larger 
than the aperture of the jaws allows, one puts the Aiders 
on the edge of the fmall points when there is a hole in- 
the middle of the branches where the aperture of the 
angle is only a fTxth part of the divifion of a foot, that is,, 
if the angle upon the divifion of the foot is fix inches 
©.pen, that of the middle will be only one inch and fo 
on. 

§55. As to the other machine of brafs, with two por¬ 
tions of a circle divided as far as half a quarter of a de¬ 
gree, one may with the greatell precifion verify upon it 
the true proportion or thicknels of the pinions by the 
degrees of rife required by making the different wheels- 

from: 


furies deux branches, et cel a pour mettre plus facilement clans tons les cas lea. 
coulans parfaitement vis a vis* 

Lorfqu’oa.vouclroit mefurer quelques pieces plus grande que Touvcrturc des 
jmaehoircs me le permet* on met les coulans fur le herd des petks points ou il y a 
tin trou an milieu des branches ou rouverture de fon angle n’eft que la fixi&ne 
partie de celui.de la divifion du pied; c’efb a dire fi fangle fur la divifion du 
pied ell oavert a. fix. pouccs*., celui. du milieu nc le fora qu*a uix ponce* aiolx du* 
refte* ■ 

§ 55* Quant a l’antre machine endeton a deux portions de cercle divifee 
jpfqucs a an derm quart de degre \ Ton peut y verifier avec la plus grande pred— 
£0% lc jufte rapport des pignons foil grofieur par les degres de levees req^i&%* 
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from 13 to i a© operate; upon. the ft me pinion the cie** 
< t,vs of rife required. Thole v-vr;. is exattiv follow the 
di mu', lions of the rule we are (peaking of. Nobody will 
doubt bur that the fame experiments upon all the other 


pinions will be equally dertionihative and convincing as 
thole upon the pinion of fix. 

§ 56. This machine may be like wife ufefnl in deter¬ 
mining with great precifion the figure of the curve of 
the teeth of the wheels, that is, by placing; the additional 
femi-cirde upon the center of the wheel, and putting a 
needle upon the axis, one will obferve, if the needle of 
the pinion of fix goes regularly through the ten degrees 
whilft that of the wheel is going through one only ; if 
not, one will fee very diftindly the irregularity of the 
; "N d-wpy curve, 


1 et principalement pour fc coavatncrc de In real! id de not re fufiihe regie, en fai- 
fant opera* ks dtff£ rentes roues tlepuis tc-nnmbrc <1<: u julijuca k i :iO ftif le memo 
pignon les degres de levees rcqnis; ccs roues IbUenr cxaflemenl Ics dimenfmm 
th la regie en queftion; on m clou tern fans donte pas quo les mmws experiences 
fur tons les autves pignons m feroient pas mains demonllratives cf» etmvaineantes 
quo cellos fur Icpignon do face : r: ' f 

§ 56* Cette machine pent encore ‘feryir pour determiner aver tine grande pre¬ 
cifion la vraic figure tie la courbc dm denis db k rone fciwoir an pofirtt le tlemi 
ccrclc poftichc fur 1c centre de fa roue, et en mettant tme aiguille fur Faxc on 
Farbre; on obfervera fi raiguille du pignon de fix jxmmtrt vegulicrement lesclix 
tlcgres pendant que celle do la roue if en parcourt qvfun, ft non on'verm ires 
-dtftin&cmcnt la diffbrmitede la coutbc pour lui donner la forme rcqulfe, pour 

opercr 






Proportion Compafs . ggi 

curve, in order to the giving it the requifite form uni¬ 
formly to operate the degrees of rife upon the teeth of 
the pinion, which comes very nearly to the geometrical 
curve, the operations of which, are not to be underftood 
by all watch-makers as this inftrument may be. 

§ 57. Every body fees that the curve of a wheel of 
120 teeth mult naturally be one half fhorter than that 
of one of 60, face it goes only through three degrees 
whilft the tooth of the pinion goes through 60. The fame 
holds in every cafe in which the curve of the tooth muff 
be figured, according to the degrees it goes over in its 
axis, to operate upon the wheel of any pinion whatever 
that arc of the rife the molt uniformly poffible, and in 
order to join thefe advantages to others Hill more consi¬ 
derable, it will be ufeful to make life of wheels and pi¬ 
nions 


operer avec uni for mite les degres dc levees fur Faile du pignon, cc qui revlent a 
peu cle chofe pres a la eourbe geOmetrique clont les operations ne font pas dc la> 
competence tie tons les horlogers com me ie feroit cct mfl rumen t. 

§ 57, On lent bien quo la eourbe cPuae roue do; j zo dents doit etre naturelle* 
ment plus courtc dc la mottle que celle de 6a puis qifelle ne parcourt que 3 0 ‘ 
pendant que Faile dn ptgnon cn parcourt 6o r &c* tl en eft de memos dans tons 
les cas oii la eourbe cle la dent cloit etre figuree felon les 1 degres qifelle parcourt 
fur fon a:xe pour operer fur Faile cFun pignon quclconque, Fare de le?6e' 1c plus • 
imiformementpoffible; etpourreunir ccs demiers avantages a d^utres plus con*,* 
ftderables encore.* jl .convicat de faire ufage dcs pignons ct roues auffi nombreufes - 

, ^ qqm 
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nions with as great a number of teeth as the greatnefs of 
the caliber permits. By this means one not only comes 
nearer the true geometrical curve; but one reduces the 
refinance and prciTure upon the axis of the moveable to 
the lead: term poBible. 

§ 58. As to the true point of the opening of the teeth, 
this is my rule. I take rather a foft file, in thicknefs fix 
and a quarter of its diameter for a pinion of fix, feven 
and a quarter for one of feven, eight and a quarter for 
011c of eight, ten and a quarter for one of ten, twelve 
and a quarter for one of twelve, and fo on; and I believe 
that this rule may be the eafieft for the prclervation both 
of the beft figure of the curves and the neceflary force 
ef their teeth. Juft as the thicknefs of the teeth of a 
pinion of fix muft be the fixth part of its diameter; that 

of 


que la grandeur <k calibre le permet; par cc moyen on s’approclie non fculement 
de la vraiecowrbe'gfiometriquc, mats on reJuit encore la rellllancc ct la preffion 
for Fax'c des mobiles m moindre tcrxnc pofliblc* 

§ 58* Quant an jufte point Ac vuidngc do la denture dr$ roues de tel nombre 
ct grandeur qudconquty void ma regie; je premls unc lime m fraifc pas crop 
rude de IVpaiffour pour pignon de fix, la tf et J dc fan diamfarc; pour 7 la f 
et|; pour 8 la pour 10 la pour tz la ta" J; ainfi du rcftc pour 

tons les autres; ct jc crois que cette regie pourroit fit re la plus facile ct la plus 
analogue pour la confcrvation et de la mcilkurc figure dcs courbes et de la force 
^ncccffairc de la denture, tout comme Ikpaiffeur dcs ailcs il\m pignon de 6 dolt 
5 fare 
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of the pinion of feven, a feventh; one of eight, an 
eighth; and fo on, for any number of pinions whatever. 
Juft in the fame manner as the length of the teeth of 
the wheel, which fhall be exactly the aperture of then- 
angles, or (which comes to the fame) half the diame¬ 
ter of its pinion c£ fix, three fevcnths for a pinion 
of feven, three eighths for one of eight, three tenths 
for one of ten, three twelfths, or a quarter, for a pinion 
of twelve, and fo on. 

§ 59. To obferve a ft ill more regular order, it would 
he likewife extremely proper that all the pinions of a 
watch or repeater, except the centre one, fhoultl be of the 
fame thicknefs; hence will arife many advantages both 
in the execution of the rough and finifhed work, which, 
I fhall fpeak more fully of upon lbmc other occafion. 


fitre la 6 e partie clc fon ettametre; pour pignon de 7 la pour 8 la 8 C , ainfi dc 
June pour tons les nombres clc pignons quo ee fair. Auflfibicn que la longueur 
dcs dents de la roue qui (era pofitivcincnt de I’ouvcrture de leurs angles, ou ee 
qui eft la memo chofe, la moitie du diamotre de fon pignon de fix les p pour 
pignon, de 7, les $'* pour 8, les tV* pour les foit lc quart pour pignon 
de douze, ainll clc fuite* 

§ $9. Pour obferver iPautant mieux ct a tons egards unc Paste d’ardre, il feroit 
auffi tres a propos, que tons les pignous d’usic mom re ou repetition (excepte cclui 
du centre) fuflent de la moose grofleur; d*ou rcfultc divers avantages foit dans 
PcxScution.du brut, foit dans celqi du fiaiilagc, dont on parlera plus ample- 
merit a la premiere occafion. 
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XLIV. New Experiments upon the Leyden Phial, refpeSl - 
ing the termination of Conductors. By Benjamin 
Wilfon, Efq. F. R. S. 


Read J u 'y 9 > T N the Lxivth volume of the Philofopliical 
I7?S * Tranfadlions them is a paper of Mr. hen- 
ly’s upon the fubjcdt of condudtors, wherein arc con¬ 
tained feveral experiments, intended to drew that pointed 
terminations arc preferable to fplicrical ones for fecuring. 
buildings, Sec. from accidents by lightning. 

Upon thole experiments I made feme obfervations, 
and particularly upon the fifth, where a pointand ball: 
were placed at the fame di (banco from a fpliere of cop¬ 
per, fo as to make part of the circuit in the Leyden ex¬ 
periment''"''. In the defeription of that experiment I 
objected to the two chains employed therein, bccaufe 
the metallic communication was, by that method, confi- 
derably interrupted, on account of a want of contact be¬ 
tween the feveral links corn poling the chains. I did not 
then repeat the experiment bccaufe the particular cir- 
cumftances attending the Leyden phial appeared, in my' 

(a) Farther Obfervations upon Lightning,, by B. wttsoN, publiflied in. 
Phil. Tranf.. for the year 1724,, ■ 

' . ' '' ' , , 
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judgement, very unlike what happens in nature; and 
therefore I contented myfelf with pointing out the fe~ 
veral circumilances in which they differed; and in ob~ 
ferving that, according to Mr. henlvV. account, the point 
did not protect the rounded end from being brack, 
which it ought to have done, if Dr. franklin’s philo¬ 
sophy was well-founded. 

Since that time an occafion has offered which made it 
neceffary to try this particular experiment. The occafion 
alluded to arofe from a late inveffigation of Mr. nairne’s 
experiments by Dr. musokave, who was defirotis of 
having that experiment repeated; becaufe (as it flood in 
Mr. henly’s account) it feemed to eontradidt a conlklera- 
hle part of the doc'lor’s rcafoning. 

Not being furnifhed with an apparatus to make the 
experiment, I requeffed the favour of Mr, cavallo to 
affilt me with his; and though it was not fo compleat for 

I' 

the purpofe as could be wilhed, yet it anfwered fuffi- 
ciently well to iliew, that an attention to the circum- 
ftance of a perfedt communication in this experiment 
was very material to dill-over the truth; and that the 
want of it had, probably, occaflonedthe ball being ft ruck 
in preference to the point, as related by Mr. henly: for 
upon employing a wire infteadof the chai ns, the point was 
ftruck at more than three times the diftance of the ball. 

Seeing 
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Seeing fo great a difference between the two experi¬ 
ments, I ordered fuch an apparatus to be made as I 
thought would be the lead exceptionable for the pur- 
pofes of determining the fad upon which thefe different 
appearances feemed to depend; namely, a perfed and an 
imperfed circuit of communication with the Leyden 
phial. 

In the contriving of this inftrument it appeared ma¬ 
terial, in order to have it anfwer the fame end as Mr. 
lane’s eledrometer, that the feveral experiments to be 
tried with it might be compared with each other in a 
more accurate manner. 

The circuit of communication was divided into two 
parts. A bent rod of brafs, with a ball of the fame me¬ 
tal, three quarters of an inch in diameter, ferewed on to 
the upper extremity of it, and a copper ball, five inches 
in diameter, ferewed on to the lower end, formed one of 
the parts. This part was fnpported by a ftand of wood 
that had a cap of brafs at the top, into which the brafs 
rod was occasionally ferewed. 

The other part of the circuit confided of a brafs rod 
alfo, one end of which branched out in the form of a 
fork with two prongs, that pointed towards the center of 
the copper ball; and thole prongs were fo condruded, 
Vol. LXVIII* 6 1 *' that 
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that either of them could be made longer or Ihorter, juft 
as the experiment required. On the end of one of the 
prongs was fixed a ball of brafs, three quarters of an 
inch in diameter, and on the other a fharp fteel point or 
needle. The Ihoulder of this fork fcrewed into a fmall 
plate of iron that was fixed on the infide of a wooden 
veflel, which contained the greatcft part of a cylindri¬ 
cal glafs jar twelve inches and three quarters high, and 
about four inches in diameter. This glafs was rather 
thick than otherwife, and the coating of it (which 
was tin-foil) meafurcd nearly 144 fquare inches on 
each furface. Befides this coating, part of the infide 
of the wooden veflel was coated alfo with tin-foil, 
for the purpofe of making a fecure communication 
between the iron plate and the outward coating of the 
jar. Within the jar itfelf was fitted a cylinder of 
wood, that was covered with tin-foil alfo, to make a com¬ 
munication between the infide coating of the glafs and a 
brafs rod that was fixed upright in the center of the 
wooden cylinder. This upright rod having a ball of 
brafs at the end, three quarters of an inch in diame¬ 
ter, was bent towards the firft part of the circuit: ft 
that the two balls a and b in plate xvm. fig. a, being 
tipon a level, looked towards each other, bus were 

placed 
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placed from time to time at different diftances, as occa- 
.lion required, and thus anfwered the purpofe of an elec¬ 
trometer. 

Whilft this inftrument was making, Dr. lind pro- 
pofed to Mr. cavallo and myfelf, that we fhould fee 
fome experiments at his houle which he had made in 
confequence of thofe we had before tried at Mr. ca- 

VALLO’S. 

The apparatus he made ufe of was but fmall (fee 
fig. 1.); for the phial contained very little more than a 
pint, and the coating on its outward furface meafured 
no more than thirty-nine fquare inches. 

The refults of the feveral experiments wc made are 
contained in the firft of the following tables, from which 
it will appear, that in twenty-three experiments there 
was not any me injlante where the ball was ft ruck at a 
greater diftance than the point, nor even at the fame 
diftance. It is remarkable, that in two or three experi¬ 
ments where the point was farther off than the ball, 
both the point and the ball were ftruck at the fame time; 
which fhews, that the influence of the pdititp although 
placed at a greater diftance, was equal to the influence 
teitnination placed cririfid^rably neareri 

\Vfch';tl»y , forked inftrument and ekdtromefer wefe 
finilhed, it was found, that a fuperior force was necef- 

6 I a ftry 
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fary to charge the jar belonging to it (on account of 

its thicknefs) than what wc had employed in our firft 

trials. 

Upon an application to Dr. hi coins he favoured me 
with the ufe of his machine; the cylinder of which, 
when excited with the affiftance of his amalgama, ached, 
fo powerfully, that it charged the jar, accompanying 
the new inftrument, very readily. 

We began the experiments where the electrometer 
was ftruck at the greateft difiance, and then adjufted the 
diftances of the ball and point from tbc copper ball ac¬ 
cordingly ; fo that if the point was ftruck (when they 
were adjufted) the moving of the ball Ad part of an inch 
would occafion the ball to be ftruck in preference to the 
point, and vice verfd. Afterwards we leffened the link¬ 
ing diftance of the eledlrometer in every experiment till 
we attained the leaft diftance. 

Upon reverting part of the apparatus, as in fig, 3, all 
thofe experiments were repeated again; the copper ball 
being put neareft to the glafs in the place of the forked 
part, and the forked part in the place of the copper balk 
This fet of experiments being corapleated, we made 
others, where the ball only was oppofed; and after them, 
where the point only was oppofed to the copper ball. 

Having 
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Having gone through all thefe experiments as they 
are fet down in the fecond table, we then repeated the 
experiment with the chain, after Mr. henly’s manner. 
The refult of which, and with the apparatus reverfedy 
will appear in the third table. 

The chain we employed upon this occafion was of 
iron and very rufty, no other being then at hand.. 

To avoid' every objection it was refolved upon, thatall i 
the experiments we had made at Dr. higgins’s ihould 
be repeated, but with the two chains inftead of the 
forked apparatus.. 

On the 23d of June, by the favour of Mr. parting- 
ton (Dr. Higgins having dilpofed of his machine at 
that time) we went through the whole of the experi¬ 
ments thus circumftanccd.. The chains employed were 
brafs, and a glafs hand fupported the ball and point. 
Mr. PARTINGTON’S cylinder meafured about thirteen 
inches in diameter: this glafs, with the affiftance of Dr. 
higgins’s amalgama, adted powerfully. All thefe expe¬ 
riments are contained in the fourth table. 

Before this paper is concluded, it is neceffaiy to cau¬ 
tion thofe who may be difpofed to repeat the experi¬ 
ments mentioned in the feveral preceding tables, that a 
Arid attention be had to every the leaft rircumftance re* 
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lative to the making of the experiments; it being fo diffi¬ 
cult to preferve the intended distances between the refpec- 
tive parts of an apparatus not perfectly executed (as is fre¬ 
quently the cafe with all new inllruments) that we could 
not fucceed in adjusting the diftances of the electrome¬ 
ter, fo as to be exa&ly in an arithmetical progrelfion, 

June 23, 1778* s. wilson* 
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TABLE I. FIG, I. 

Experiments made at Dr. lind’s, June 18, 1778, with. 

the Leyden phial. 
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N. B. Eighty of' thofe parts make'One iikch,' 

The number oppofite the word eleftrometer denotes the diftance between the 
balls which conftituted the ele.ftromcter; and the numbers oppofite to the words 
ball an,d point fhew the ultimate diftance at which they were refpe&ively truck.. 

(b) The point and ball in this experiment were not directed immediately ■ 
towards the outfide coating of the jar, but towards the broad furfa.ee of, a cwn- 
mpn'tea can niter, the oppofite outfide of which was in, contact with the coating,; 
of the jar. ■ \ ■■■'.. . v ‘ 

JAMES LIND. TIBERIUS CAVALLO. B. WILSON, , 



ioa 8 


Mr. Wilson’s Experiments 


TABLE II. F I G. II. 


Experiments made at Dr. iuggins’s, June 19, 1778, 
with the Leyden phial and Forked apparatus. 


The meafures cxprelTed in the following tables were tak.cn from a fcale con¬ 
taining 32 pans in one inch. 
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TABLE III. 

Experiments with the chain after Mr. henly’s manner. 
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the Leyden phial. 
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JAMES LIND. 
TIBERIUS CAVALLO. 
B. WILSON. 
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TABLE IV. F I G. III. 


The experiments of the fecond and third table repeated; 
at Mr. Partington’s, June 23, 1778, a brafs chain, 
being ufed inliead of the Forked apparatus. 
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r Elc&mroeter 

28 

28 

28 

28 

- - 

28 

, 28 

II.■< Ball 

33 

3.6 

- 

29 


28 

; _ 

l Point - 

72 


66 

37 

*“* 

- 

38 

fEle&rometer 

25 

26 

26 

25] 

1 a .5 

26 

; 26 

III. j Fall - 

33 

33 

64 

28 r 
3 S J 

repeated i 2$ 

27 

- 

i Point - 

46 


j 37 

- 

37 

r Eleftromcter 
IY. \ Ball 

20 

20 

20 

20 

— - 

20 

20' 

21 

23 

- 

24 

— 

24 


L Point *- 

5 ° 


6o 

26 

1 

- 

27 

f Electrometer 

16 

16 

16 

16 


l6 

l6' 

Y. { Ball 

c Point “ 

2 1 
SS 

* 5 - 

S 3 

* 9 ) 
a 1 J 

alternately 


24 

r Electrometer 

13 

13 

*3 

*3 

— ** 

*3 ' 

*3 

VI. \ Ball 

16 

n ! 


14 

— «*' 

i's 

f Point 

44 

- 

42 

*9 



22 

/"Electrometer 

to 

. 10 ! 

to 

to 

tfW m 

10 

10 

VII., 1 Ball 
i-Point 

; it 

38 

9 i 

37 

11 1 
19 1 

alternately 

n' 

19 


Becaufe the elearometer in the experiments contained; 
in the third table made at Dr. Higgins’s with a. nifty 
,f ® . , iron 




upon the Leyden Phiat. ioi r 

iron chain flood at 21 and 23, we repeated the experi¬ 
ment at Mr. Partington’s with abrafs chain, and the 
Tefnlt was as follows t 


Ball and point oppofite 

Apparatus 

the Leyden phial. 

revcrfcd. 

" ' ‘ ” ' ' ' ’ - 1 

EleSrometer - 21 

23 

Ball 

- 24 

25 

Point 

64 I 

3 ° 


■ • JAMES LIND. 

TIBERIUS CAVALLOs 
B. WILSON. 

P. S. Having feen a method ufed by Mr. cavallo to re¬ 
pair broken Leyden phials, fo as to render them again ufe- 
ful for experiments, I am glad of this opportunity to make 
it known, as it may be very acceptable to electricians. 
The method is as follows. When a coated phial is cracked, 
either by a fpontaneous difcharge or by any other acci¬ 
dent, Mr. cavallo removes the outfide coating from the 
fraCtured part, and then makes it moderately hot, by- 
holding it to the flame of a candle; and whilft it re¬ 
mains hot, he applies burning fealing wax to the part* 
fo as to cover the fraCture entirely; taking care that the 
thicknefs of the wax is rather more than the thicknefs,of 
the glafs. Laftly, he covers all the fealing wax, and alfo 

6 Kz ■' ■■ ' part 
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part of the furface of the glafs beyond it, with a compo- 
fition made with four parts of bees wax, one of refin, 
one of turpentine, and a very little oil of olives; which 
competition he fpreads upon a piece of oiled iilk, and ap¬ 
plies it in the manner of a plaiitcr. With this method I 
have feen feveral phials lb ctfcfhuilly repaired, that, 
though after being frequently charged, they were at lull 
broken by a fpontaneous difeharge, yet the fra&ure was- 
in a different part of the glafs. 
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XLV. Obfervations on the Solar Eclipfe which happened' 
June 24, 1778. By Mr. William Wales, P. R. S. and 
Majier of the Royal Mathematical School in Cb rift’s ■ 
Holpital. 

Read July 9, r|^HE following obfervations of the folar 

eclipfe, which happened on the 24th' 
inftant, were made at the Royal Mathematical School in 
Ghrift’s Hofpital, where the latitude is- 51 0 30' 55" N. 
and the longitude not quite half a fecond in time Weft of 
the cupola of St. Paul’s. I had my time by a moft excel-- 
lent watch made by Mr. larcum kendall, 'which goes- 
white it is winding up, and has a provilion for counter- ■ 
acting the effects of heat and cold. It was regulated by 
double altitudes of the Sun’s lower limb, taken from a 
bafon of qnickfilver with a iiad ley’s quadrant of Mr. 
rams den’s making; and the quickfiiver was (haded from ■ 
the wind by a roof, formed i>y two glaftes whole planes 
had been ground perfectly parallel by the fame inge¬ 
nious aitift, fo that the time may, I think, be depended 
on within a fecond, or two fecomls at the moft. 

My telefcope, which is of the Gregorian form, was 1 ' 
made by the late Mr. short; the focal length of the 
great fpeculum being 18 inches, and the aperture 4|- 

: •• inches,-. 
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indies. I ufed a magnifying power of about 73 times 
for the beginning and end, and of about 50 or 55 times 
with the micrometer, in meafuring the Sun’s diameter, and 
the diftances between the two culps of the luminai ies. 

The micrometer, which is an exceeding good one, 
was made alfo by Mr. short. The divided gluts is not 
achromatic, but only a Angle lens, whole local length is 
about a8 feet 5^ inches; but as I have not had an oppor¬ 
tunity of examining this point my fell by adjufting the 
telefcope to parallel rays without the micrometer, and 
then putting it on, and meafuring the diftance at which 
objects arefeen diftin&ly, I have affirmed the Suns apo- 
geal diameter to be 31' 28" as given by Mr. short; and 
on that hypothecs the following reductions oi the paits 
of the micrometer are made* Its error was determined 
immediately before the beginning of the edipfe, by 
meafuring the angle fubtended by a fmail ball which is 
on the top of the fpire of St. Bride’s Church, in fleet 
Street, alternately before and after o, or the beginning of 
the divilions of the fcale ; theie mcafurements were as 
-follow.; 
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Off the fcafCj 
or before o. 

On the fcaic, 
or after o. 

Inches, 

Vcr. 

Inches, 

Vcr. 

o>0 5 

4 

0,0$ 

I 1 

0,05 

4 

°j°S 

I I 

0,0 5 

35 

0,0$ 

12 

0,05 

4 l 

0,05 


0,05 

5 

0,05 

15 

0,05 

4>3 

°>°5 

x 2»3 



°>°5 

4>3 



OjOO 

8,o 


Mean on the fcale*,, 
Mean off the-fcale*. 

Difference, 


Half the above difference, or four divifions of the ver¬ 
nier, = 4' , 8 3, is the error of the micrometer, to he fuh- 
tradfed ifrom the meafured diftances of the cufps, and 
alfo from the diameters of the Sun, taken near the mid¬ 
dle of the eclipfe, in the fame direction with the chords - 
which were meafured about the fame time: and, this di~- 

>Sw 

redtion being nearly vertical, thefe measurements will, 
in fome degree, he affedted by refradtion; .but they may 
readily be corredted if the altitudes of the Sun be com-■ 
puted to the times when they were taken, and from; 
thence the effedt of the refradtions. 
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Limes bj 
he watch. 

Double « 
tlr. of ©VI 
L. L. - 

The Sun’s 

diameter 

Apparent: 

time*, 

VV a f ch ^ 
»eiore ap« 
,'aicm 
time* 

vufore obh 

after ohf* 

On.) OIL 

0.1. | 

OIL 


h ' ' 

ft ft 

t 

/ 


/ 

u ' " 

** // 

1 $ June^3 

4 43 5 

59 3‘i 

19 

45 5' 

X«1 

4-6 




4 44 

59 J 3 

x8| 

46 

iH 

46 j 




4 44 4V 

59 0 

*81 

464 

18} 

4 H 

\ 4 44 28 >7 

Q 58,8 


j 4 45 5 2 ' 

5 8 39* 

x8^ 

4 6| 

xS! 

46 




4 47 1 

58 19^ 

184 







4 47 5° 

5 8 3< 







S 24 

3 2 7 35 

82 57 

23 

4^ 

aaj 

4 2 1 




3 28 4c 

1 82 36 

23 

4'' 

aal 

424 




i 3 29 41 

(1 82 i6§ 

22 i 

41 i 

aa| 


U 28 to,3 

I 29,7 


j 3 30 4 ' 

n 8a 0 

22ii 

; 4lJ 






i 3 3 i 3 ' 

;[ 81 .4.7I 


411 

1 , m 





Obfer- 
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Parts of the 
Time by Apparent Micro me ter, 
lie watch, time, —————- 
! inches. IV er. 


Reduced/ 


?June 24 3 4 1 > 39 '47 

4 2 3+0 32 

4 4 A 4 2 44 

4 5 2 *4 4 3 53 

4 7 5^4 6 25 

4 8 4:4 7 13 

4 9 2 5 4 7 54 

4 11 54 9 34 

4 12 31 4 n o 


34 1 4 | 

35 -+i 

30 22, s 

37 *>i 
37 4 e >£ 
39 9 ). 


4 52 404 51 8 

4 53 344 5 * 2 

4 " 54 5a 4 *^ 

4 55 J04 53 38 

5 a6 34 5 *5 *3 


15 21 . 

3 22 . 
2. 23- 

18 23. 

4- 24* 

16 244 

19 24 , 

12 25 

18 31 

1 7 3 1 

18 31 

17 26 
ui 27 

2 27 

4 27 

5 27 . 

16 27 

18 27 

15 27 
>5i 27 
i6i 27 

16 0.1 

, 14 a7 

13 3.7 

4 a 7 
21 a? 

14 27 

i& 31 
16 31 

i6| 31 

*5i 33 

11 

8 a& 

3 

212 2,6 


Beginning very exa£h 
Diuance of the cufps. 
Ditto* 

Ditto* ■ 

Ditto* 

Ditto* 

Ditto; • 

Ditto, 

Ditto* 

Diameter of the Sun, 
Ditto. 

Ditto* 

Difiance of the cufps. 
Ditto* 

Ditto* 

Ditto* 

Ditto. 

Ditto. 

Ditto* 

Ditto* 

Ditto* 

Ditto. 

Ditto* 

Ditto* 

Ditto* 

Ditto* 

Ditto. 

Ditto* 

Diameter of the Sun. 
Ditto* 

Ditto. 

Ditto* - 

Di fiance of the cufps* 
-Ditto* 

Ditto. 

Ditto. 

The cad, 1 


Vol. LXVI 1 I 


Time 
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Double 
alt. of © ’s 
L. L. 

The Sun’s diameter 


Time by 
the watch. 

before obf- 

after obf* 

l 

On. 

Off. 

On. 

Off. 


i* ' » 

0 / 

' 


/ 

/ 


5 34 <> 

43 59* 

22 

42 

22 

41] 

1 

5 35 4 

43 43 

22 

42 

21 I 

41"! 

r 

5 35 40 

43 29* 

224 

4 J I 

22 


J 

5 3 6 37 

43 I® 






5 37 5 

43 2 -| 






.5 37 S 3 

42 51 J 1 
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XLVI. An Ec'Upfe of the Sun June 24, 1778, obferved at 
Leicefter. By the Rev. Mr. Ludlam, Vicar of Norton, 
near Leicefter; communicated by the Aftronomer 
Royal. 


Stead July 9>*T*HE beginning was obferved at m* 1 3s' 27". 

The end at v h 19' 30" or 34", according 
to the time ihown by the clock, the Sun being a little 
hazy at the end of the eclipfe. 

Zenith diftanccs of the Sun’s upper limb, taken with an 
eighteen inch quadrant made by bird, for determin¬ 
ing the error of the clock. 


Time by the 
dock. 

Z. Dift. 
©UL. 

H M S 

IV l6 22 

IV 29 35 
iv 49 24 I 

D M 

55 3° 

57 3° 

60 30 


The 


•6 L 2, 
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The barometer flood at 29,9; the thermometer at 7i\ 
The error of the line of collimation was, in the fummer 
of 1774? 1 3>% feconds to be fnbtnicfted (fee Phil. Tranfl 
vol. lxv. part 3 .). As the quadrant has not been 'altered, 
and indeed feklom tiled ilnoe, I fuppofe the error of the 
liije of collimation to remain the fame. From the fir ft 
obfervation I make the clock to be i' 31" falter than, 
folar time. From the fecond, 1’ 23". From the third, 
j/ 23//. Taking the mean of thefe, viz. 1' the be¬ 
ginning of the eclipfe at Leiceftcr was at mi. 34' 5"; the 
end at v h 18' 8" ! or 1 a" by folar time. 

The difference between the meridians of Greenwich 
and Leicefter, from ohfervations in the Philofophical 
Tranfacflions, computed by Mr. walks, mafter of the 
royal mathematical fchool in Clirill’s Hofpital. 

. ' M S 

From «* «Hpfc Ju* 3. 1,69, {|^ !n " i "S J 

f Taurl, April 28 , 1770 , Iinmetfion 4 >>. 7,8 

Aldcbaran, Nov. 18 , 1774 , Emurftun 4 50,5 

mb .dip)., jta.,j4 , n s, jgg.. 4 »j,. 

M. du sejours, in the Memoirs of the Academy of 
Sciences for'1771,. makes the difference of the meridians 
of Paris and Leiceftcr, from the end of the folar eclipfe 
of 1769, to be 13' 59"; and the difference of the meri¬ 
dians 
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dians of Paris and Greenwich, both from the beginning 
and end of that eclipfe, 9' 20 7 . Whence the difference 
of the meridians of Greenwich and Leicefter 4' 39". 

If we take the mean of all thefe computations, we 
jfhall have the difference between the meridian of the 
Obfervatory at Greenwich and St. Martin’s Church in, 
Leicefter 4' 35" of time very nearly. 
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XLVII. A ready Way of lighting a Candle , by a very mo¬ 
derate Electrical Spark* By John Ingenhoutz, M. D. 
F, R. S . 


!Read, July 9> T t has been long known that an electrical 

,J 77;8 I 

JL .fpark will kindle fpirit of wine, especially 
•when previoufly warmed; and that vitriolic tether will 
;be kindled by . a very moderate fpark, even when cold. 
(However, I never faw an eleCtridan who made a com- 
; mon ufe of this experiment to light his candle when he 
‘had occaflon for it. The reafon is, becaufe though it 
■ may be done without much danger of failing in the at¬ 
tempt, yet it requires fume trouble to prepare every thing 
neceffary for making the experiment anfwer with cer¬ 
tainty. BefkJes, aether is very precious, and is eaiily loft 
by evaporation before the eleClric power is excited, or 
before every thing is quite ready for performing the ex¬ 
periment, 

I ufed to light my candle a good while ago by the«ex- 
;plofion of a fmall jar (by ftnall I imderftand one which 
6 has 
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lias eiglit or ten inches of metallic coating, or even lefs) 
in the following manner. As I often amule myfelf with 
electrical experiments, I have always an electrical ma¬ 
chine, ready for a£tion, fixed upon a table in my room. 
When I have ocoafion to light a candle, I charge a fmall 
coated phial, whofc knob is»bent outwards, fo as to hang a 
little over the body of the phial; then I wrap fome loofe 
cotton over the extremity of a long brafs pin or a wire, 
fo as to ltick moderately faft to its fubftance, I next roll 
this extremity of the pin, wrapped up with cotton, in 
fome fine powder of refin (which I always keep in readi- 
nefs upon the table for this purpofe, either in a widc- 
moutlied phial or in a loofe paper); this being done, I ap¬ 
ply the extremity of the pin or wire to the external coat¬ 
ing of the charged phial, and bring, as quickly as poffi- 
ble, the other extremity, wrapped round with cotton, to 
the knob: the powder of refin takes fire, and communi¬ 
cates its flame to the cotton, and both together burn long 
enough to light a candle. As I do not want more than 
half a minute to light my candle in this way, I find it 
a readier method than kindling it by flint and Reel, or 
calling a fervant. 

I have found, that powder of white or ‘yellow refin 

lights eafler than that of brown. ■ " , A--; 

. ■ The. 
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The farina lycopodii may be ul’ed for the fame pur- 
pofe, but it: is not lb good as the powder ofrefm, becaufe 
it does not take fire quite fo readily, requiring a ftrongcr 
fpark not to mils; bolides, it is foon burnt away. 

By dipping the cotton in oil of turpentine, the fame 
effea may be as readily obtained, if you take ajar lbme- 
what greater in fize. This oil will inflame fo much the 
readier if you ftrew a few fine particles of brafs upon it. 
The pin dull is the beft for this purpofe j but as this oil' 
is fluttered about by the cxplofion, and, when kindled, 
fills the room with much more iinokc than the powder 
of refm, I prefer the.laft. 

This experiment may be made life of for lighting a 
candle in the night as well as in the day. but tor this 
purpofe a charged phial fhould always be kept in readi- 
nefs, and placed where it may be eafily found in the 
dark. The jar for this purpofe fhould be furnifhed in the 
manner invented by-Mr. cav allo, with, a glafstubeat the 
in fide, reaching from the mouth of the phial to the bot¬ 
tom, through which tube the wire which eftabiifhes 
the communication., with the inward coating paffes, 
which, as foon as the phial is charged, is to be taken, 
away, by holding it by the .piece of foaling .wax, or glafs 
.rod covered with fealing .wax, fattened to the knob of ! 
i ' the 
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the wire, which wire is only to be put into the glafs tube 
again when the phial is to be difcharged. 

Mr, cavallo finds, that this jar will keep its charge a 
month, if the glafs tube, and l ike wife the jar where it 
is not coated, are carefully lined with foaling wax both 
within and without. 

A jar, containing fix or eight pints, fitted up in this 
manner, may be kept as a magazine of electrical fire, 
and a little coated phial, juft big enough to light a can¬ 
dle, may be occafionally applied to it on purpofe to light 
the powder of refill. As loon as this little phial is 
charged, which is done in an inftant, the wire muft be 
taken out of the large jar or magazine, to keep the re¬ 
mainder of the charge, which may ferve afterwards for 
fevcral charges of the little phial. 

I have often carried in my pocket fuch a little jar a 
whole day, on purpofe to fire a kind of piftol loaded 
with inflammable air in the manner deferibed by Mr. 
volta of Como. A phial of about two ounces contained 
dedrical fire enough to kindle fuch a piftol twenty 
times. In order to take out only as much of the eledri- 
cal charge as was wanted for this purpofe, I plunged into 
the glafs tube of the charged phial a fmall glafs tube, 
four inches long, adapted as a Leyden phial, by flicking 
Vql. LXVIIL 6M ; 
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in it at the bottom, which is hermetically foaled, a bit of 
tin foil, an inch.long, coiled up, and patting a fimilar bit 
at the outfi.de: a thin wire patted through the tube from 
the in fide tin foil to the opening, which was Unit by a. 
fmooth brafs ball ftuck to it, and in contact with, the laid, 
wire. The outfide part of this tube, which was not coated 
with till foil, was lined or varnilhcd with foaling wax.. 
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XJLVIIh EleBrical Experiments, to explain bow far the 
Phenomena of the EleStrophorus maybe accounted for 
by E>r. Franklin’s 'Theory of pofithe and negative Elec¬ 
tricity; being the annual Lecture injlitutedby the Will of 
Henry Baker, Efq. F. R. S. By John Ingenhoufz, 
U. D. F. R. S. 


Head June 4, TJT AVING had the honour of being ap~ 

^ ^ JET 

pointed by the Prefident and Council 
of the Royal Society to read the annual differtation on 
fome philofophical fubjeCt, inlfituted by our worthy 
member the late Mr, baker, I have endeavoured to pur- 
fue fome electrical experiments, to explain how far the 
FJe&rophorus perpetuus may be accounted for upon the 
almoft generally received theory of Dr. franklin of 
positive and negative electricity. 

THIS electrical inftrument confifts of twodifferent 
pieces; viz* i. a metallic body, in the form of a plate, or 
any other convenient figure, furnifhed with an infur 
laling handle, to beufed for lifting it up; and a, a flat 
non-conduCUng fubffcance, fuch as glafs, refin, or fome 

* 6 M i. ; . ■■f'-iP'f- °ther 
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other non-comlu&ing mutter, upon which the laid me¬ 
tal plate is placed. 

This machine, invented by Mr. vo.lt a, a learned gen¬ 
tleman of Como, is certainly a valuable aequifukm to the 
Electrical apparatus. Once excited, it is for a long while 
ready to afford ele&ricity enough for all experiments 
which do not require a very great force; and it has the 
advantage of not being lb much alleded by damp wea¬ 
ther as the common machines with glals globes, cylin¬ 
ders, dilk, See. It is very caiiiy put in ad ion by a 
flight fri&ion with a dry hand, a piece of leather, a rough 
fkin of a hare, a cat, or fomet other animal. It is as cafy 
to excite with this machine a negative as a poiitive elec¬ 
tricity. It has the advantage of being capable at almoff 
all times of affording at pleasure Inch a force of eledtri- 
city as is wanted, even to Inch a degree, that the metal 
plate is no longer able to contain all the eledrie fluid 
communicated to It; but throws it out every way, either 
upon the metal tipon which the refinous cake is ufually 
fixed, or into the air: and this increafe of eledrieal 
power is obtained.by the eufieft means; for inttance, by 
charging with the Ele&rophore a coated phial, and plac¬ 
ing it afterwards upon the refinous cake itfelf, or upon 
the metal plate placed upon the refinous cake (provided 
the metal plate be lefs in circumference than therefi- 
• ' ■ . ■ nous 
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nous cake, and no metallic communication exift between 
the metal plate and that metal upon which the cake is 
fattened). If the knob of the phial,thus placed, be touched 
by the finger, and then taken away, holding it by the 
knob, the force of the eleflropliore is found to be re¬ 
markably increafed. 

But a more pleafing way of increafing the electrical i 
force of this inftrument.is by transferring, alternately the ■ 
metal plate from one refinous cake, to another,, and- 
touching it after it is placed upon the cakes; By this • 
method both cakes acquire continually more and more ■ 
electricity; fo that in a limit time, by this alternate tran— 
llation, the metal plate returns from either cake quite 
overcharged; and thus Leyden phials may be charged 
by it very ftrongly, and even 1b as to break them.. It is • 
very remarkable, that by this method the metal plate re¬ 
turns from one cake in a pofitive, and from the other in, 
a negative ftate. 

This manner of increafing the two electricities was^ 
found out by my learned friend Dr, klinkoch, profeflbr 
in the Univerfity of Prague, foon after I had pfeu him. 
a defeription of this new inftrument, which I had re¬ 
ceived from his Royal Highnefs the Arch-duke Ferdi¬ 
nand a very little while after Mr. volta had invented, 

it. • - 

' It!. 
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It is true, that Father bf.ccar.ia had a long while ago 
excited an electricity, almort perpetual, by two panes of 
glafs, one placed upon the other, each having hut. one 
metal coating, and joined together id that no metal was 
placed between the two glades. Thefo two glade;; being 
applied to a prime conductor of an eleClricnl machine, fo 
as to receive a charge in the lame way as one glafs coated 
on both lidcs is to he charged, afford numberlds fparks 
from •both coatings, after the two glades have been dif- 
charged in the common way, by making a communica¬ 
tion between the two coatings. 

In order to produce thefe fparks, the t wo glades nmft 
be feparated from one another, fo as to avoid tondunp- 
the coatings in the moment of reparation. Kadi of the 
coatings will give a fpark, which may lie repeated after 
having replaced the two glades one upon anot her. After 
the two glades have been thus joined again, mid touched 
after their conjun&fon, another fpark is obtained from 
both after their reparation; and thefe (parks may be thus 
repeated almoft admjn/tum; fo that thefe two glades, 
once excited, leethfo be an unexhaufted fource of dec- 
trical fparks. Father beccari a calls this experiment 
ekt'irkitm vmdex. ^ Whether this denomination he a pro¬ 
per one to convey fome ideapf what is, undcrltood by 4 
X will not now undertake to determine. 
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The fame Father beccaria had alfo found, that the 
coating of a glafs, after being difcharged, was able to 
give new figns of electricity, when taken off by means 
of filk firings. 

Some other experiments were made many years ago 
by Mr. cigna of Turin, and by feme other electricians, 
which have a great deal of fi.milarity with the elcCtro- 
phore.. . 

But as the inventors of thefe experiments did not 
adapt them as an electrical machine, they do not dimi- 
nifh at all, in my opinion, the honour which Mr. volt a 
delervcs, for having enriched the eleCtrical apparatus 
with a very fimple and handy machine, continually 
ready to excite as ftrong an electricity as is requilite for 
the moft ordinary purpofe. 

The novelty and fimplicity of the machine could not 
but ftrike every electrician; I cannot exprefs how much 
I. was pleafed with the firft fight of it, and with what 
eagemefs I let about endeavouring to underftand the 
nature of it. I analyzed it in various ways; I compared it 
with Father beccaria’s ekBricitas vindex, with an .ordi¬ 
nary coated glafs, and coated refinous eleCtrics., 

Some electricians, puzzled with the. ftrange pheno^- 
meha which it affords, thought it over-turned entipfc 
the almofi:.univerfally received theory of Dr. FRA|f-ptiN^v 

. -'Cihik ' and;! 
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and that it could not he under Hood but by eft abli flung 

new principles. 

After eonfidering the matter maturely 1 thought, that, 

; fhefc phenomena, though at Hr ft light extraordinary,, 
could be explained by the fame principles which were 
already received by almoft every philofoplier. 

But before I proceed to my intended explanation of 
the molt obvious phenomena of the electrophor us, I 
mutt beg leave to let down ionic conftant laws, which 
nature oblerves in the various motions of the olctftrie 
fluid, and to which ele&ricians do not lucm to give u luf- 
fleientattention. , 

. ■!. Theele&ric fluid exifts in all fuWlanees, hi a cer¬ 
tain quantity, which is natural to them. 

3. The eletftric fluid is repul five of itlclf, that is to 
fay, each particle of electric fluid tends to recede as far 
'from another particle of the fame fluid as it can. 

3. The flate of eleiftrkity of a body is that in which 
it has acquired more electrical fluid than the neighbour¬ 
ing bodies, or in. which it has Ids of this fluid than the 
Turro unding Wlfes. 

'■ 4. In the firft cafe the electrical fluid tends,to expand 
itfelf through alT bodies near it, which can by theima** 
: ture receive it. In the fecpad-cafe, the eleiftrical fluid of 
•all the furrounding bodies fading lefs refinance towards 

r , Ij 4 : • ’ >' . s - v ' „ j' .a body 
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a body negatively electrified, or having loft a part of its 
natural flvare of electricity, ruflies towards that body, 
and tends to diftufe itfelf through it, and thus to difpofc 
itfelf into an equilibrium. 

5. The reatou why the electric fluid, exiting every 
where, feems to remain inative in the common ftate of 
nature is, becaufe all other bodies having their ordinary 
fliare of this fluid, an equal preflure exifts on all fides. 
Thus, if all the bodies upon the earth were to acquire 
more or lefs of elctric fluid at the fame time, in equal 
proportions, no elctrical phenomena would be the con- 
fequence of fuch a ftate; becaufe the preflure being every 
where equal, the rcpullive force of the elctrical par ti¬ 
des would be every where balanced. Thus two, bodies, 
both negatively or both pofitively eletrified, will not 
give a fpark to one another: they only recede more from 
one another, becaufe the other furrounding bodies are 
not in the fame fltuation with them. This aflertion 
feems to be illuftrated by Father beccaria’s eletric^ 
well (puteus eieS'iricus) f which if ..nothing but a metal 
vcflcl -eletrified, in which two coyk balls are fi^aded 
by filk threads; the balls,do not fhow figns of eletricity 
within the' cavity of the veflel, becaufe theeletric fluid 
prefles equally an every fide. ; 

Vm' I yyiiT £ M 
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6. All nort-conduding bodies may acquire on each 
part of their fubftance more or ids of the dearie fluid, 
as well as ednditaitig bodies, at leaf! to ti certain propor- 
tion; but they do not allow it to pal’s freely through their 
fublhnee or over their furfat.es. 

7* All bodies whatsoever are fufceptible of eledrkdty, 
pofitive arid ‘negative indifferently, ; either by exciting 
them by ftidion or any other way, or by bringing them 
within the fphere of adionof a body already eled ideal; fo 
thAt'-eVftn nfetals, the heft 1 condudors, may be as eafily 
excited by friction, if ihfnkted, as glnfs or Haling wax. 
The only material difference between the conducting 
andnon-eonduding fubftances ieems to be, that the elec- 
not fpread itfelf fo ealily and fo rapidly 

are non-coodudors 
as ftpeh-fhofe -whidr are condudors. An clcdrical fpark 
thrcwh’^j^tt l iiife r lhfft^e of » piece of' metal infulated, of 
whatever length if be/ fljffoftsitftlf cxjually through the 
whole mafs, if this metal be left to itfelf out of the fphere 
of addon Bf another body charged with dedridty. The 
whole e3edridt^ il totbbnnniciite<l by this fpark Is dif- 
onbe^'f^hitt^ahypsfrt of the fame metal-. 
On the contrary, eledridty dftems rather to ftick to that 
part of a non-cond riding body to which it is applied* 
iprea'ding but flowly -and dhequaUy over its furfac^, from 

^ • TtJWCJCI 
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Which it may he taken by degrees, by touching thofe 
parts to which it was applied. There are feme bodies 
which feem to be of a middle ftate between thefe two, 
vjz, through which the ele&rie fluid propagates as 
through good condudtors, but {lowly, fuch as common 
wood, moift air, and many other bodies* Electricity items 
to diflufe itfelf through thefe bodies almoft as fugar and 
fait diftufe thcmfelves through water, fpreading farther 
and farther through the liquid. , • 

8, All thofe bodies, which are non-conductors, feem 
to acquire a ftate of electricity with fome reluctance; 
and, after they have acquired it, to hold it more tena- 
cioully, or to part with it with more difficulty, than cortr 
du&ors. One touch takes away all the electricity of a 
metallic bodyflmt does not abfolutely convey away all the 
electricity of a piece of glais or another ele£ti ic body, iuc^r 
afe fealing wax, amber, fee. The metal plate of an elec- 
trophdre fakes almoft no ele£ridty at all from the reft- 
nows cake, if it he lifted up without having been touched 

■when it was upon the^tke* : -h •.•••' : , nbr-pT 
9 . All reftnous bodies, fifle and many 
.more tenaciowfly their ftate of clcdtndty ,Aan glaft, 
however dry. Thus a. piece of is alff*# 

qnl ^fep^ ^rdof itsde&ricltyby ,a |p$dud&ng fu^^fhee 
' ; !' q,f £ 1 r f, i i 6 N • r i;' diff 
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being applied to it; but a refinous body, though touched’, 

retains ftill a great fliarc of its ele&ririty. 

10. A concluding body infulated, being placed within 
the fphere of adion of an excited ncm-eomhiding body, 
or even in contad with it, accpiircs at the fame time two 
contrary eledricities; viz, the part in contad, or very 
near the non-concluding eledrified Ixxiy, acquires a 
contrary eledricity to that of the non-concluding body, 
at the fame time that the oppolite or farthermoli extre¬ 
mity is pofMed of the* fame eledricity with the con- 

duding body. 

, 11. A concluding body infulated, being in contad 
with another concluding body excited with cither elec¬ 
tricity, acquires the fame eledricity throughout its whole 
extenfton, or divides with- this body its eledricity 

; 1 a. But an infulated concluding body, being only In 
the fphere of adion of another eledrified concluding 
'body, acquires, as in the firft mentioned' cafe, two dif- 
ferent eledricities at the fame time; viz, towards the 
eledrified body it acquires a contrary eledricity, and at 
the oppoftte extremity it acquires the fame kind of dee- 
trldt^'Wlth the eledrified body. ■ ■' ', ' 

It feeriii' therefore to be alatf of nature, that the elec¬ 
tric fluid wht&'B''accumida^%pon a body, and finds an 
" ;?l ^ ■ ■ . ' ©bftmdions 



on the EkBrophorus. 10 37 

obftruction lo its free paffage to another neighbouring 
body by the intcrpofitkmof a non-condudlingbody (fucli 
as dry air, gi afs, See.) forces by its repuliivc power the elec¬ 
tric fluid naturally contained in all bodies to the further- 
moft extremity of the neighbouring body, fo as to excite 
in its near eft extremity a kind of defedt of the eledtric 
fluid, or a kind of vacuum, till at laft the accumulation 
of the eledtric fluid becomes fo great upon the eledtrified 
body, that it overpowers the reftftance of the interme¬ 
diate non-condndting lubftance,'forces its way through it, 
and ruihes in the form of a. fpark upon, the neighbour¬ 
ing body.. 

If the eledtric fluid be thrown upon the furface of a 
pane of giafs, coated on both tides with a metallic fub- 
ftance, fuch as tin*foil; the fluid, finding an obftmdtion 
to. its paffage through the body, iscrouded upon that fur- 
face of the giafs which has received it; forces the ele&ric 
fluid out of the other furface, if fome condufting body 
k near it, or in contaA with it, and can convey it away 
' this fluid becomes fo much crowded upon that fur%c$?as 
• to overpower the refiftance of the giafs, and to forfeits way 
through the fubftance of the giafs,, in order to difiufe it- 
felf upon the other furface, upon which was produced a 
kind of vacuum. The giafs being ; .|!||US''*rentis i n^ ( |^hg j Cr 

•able to. he what- U called charged; but after.^|«TOuded 

.. / . elec-' 
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electrical fluid of a prime conductor has in the fame 
manner rent the plate of air (which obih uCted to a.cer- 
tain degree its free paflage between the prime conductor 
and the neighbouring hotly) by giving it a (park, the 
fame {park may be repeated at pie a Cure, beraufe the 
opening formed by the fpark through the plate of air is 
immediately flint up again according; to the nature of all 
fluids. 

If an infulated conducting body be lituated in the 
■manner deforibed, fir as to pdflbfs at its different extremi¬ 
ties a contrary electricity, it may impart to any otherbuoy 
brought in cbtttaa with it, or within its finking diifcmce, 
a Share of that ele&iieify whit It it has acquired atf its far- 
thennoll: extremity. The former body,fo tout bed, has efo 
feClually loft that part of eSc&rical fluid winch -was in a 
ii^r!aih”ihhhhef’cfbtided upon that extremitv: and there* 
; forC : 'hCih^ fakhh cjflt Bf the fphere of action of the ex- 
■ cited Bdd^aia, for infante, a prime ccnwHiCtur, ’after 
having'''thhs loft’a 5 part of the ekstfhic 'fluid c rtmcletl upon 
its extremity,' ikfoiind to pofiifs 1 negative ©Jedl licit y if 
the exdted'lfoflyhailh'ixjfifive, ■ and^a poftttve if the 'fot- 
foited body ; had'a h^htWe'Onc*' K /■■■■'■■ T - , ' ■ 

Thus we fee how farwemuflhelievcwhatis commonly 
affirmed as afad, that abodp,phthged in the atmolpliere 
fof hti" ele<?foifl&ci Body, acquit % #afo 
•tril*y to that of the electrified body. If the body plunged 
: ' v d\. ■ ' ' ■ '' . ■ ' in 
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in this atmofphcre be of a fmall extent, it will be found 
fo to all appearance, becaufe the two extremities of a 
fmall body cannot be feparately examined; whereas a 
body of a certain extent exhibits in a very perceptible 
manner the two diftindt cdedlricities. The reafon of this 
wonderful phenomenon is to be underftood by the prin¬ 
ciples adopted, and may without much attention be un- 
dcritood, if we fuppofe the excited body to be in a pofi- 
tive ftatc of eiedtricky; for in this cate the atmofphere 
of eledtric fluid furrounding the excited body forces by 
its repul live quality the eledhic fluid of the neighbour¬ 
ing body towards its faith or molt extremity, and thus ac¬ 
cumulates or crouds it upon that extremity, from which 
extremity it is therefore ready to fly off upon any other 
body, which is of a nature to receive it, being brought 
near enough. 

If the excited body be in a ftate of negative cledlridty, 
the explanation is not fo obvious as in the poiltive cafe: 
it requires feme more attention to .conceive .what paffes. 
The excited body, having loft apart of its natural.foare 
of eledtric fluid, a.kind of. vacuum, if I may^intfe, 
takes place upon this body,,.* The eiedhic;ffeid of any 
other'body' being in its natural ftate,,anfttherefore in# 
kiiAd^of.inwftivifcy, confined-as it w)&»iwkbm itf> i; |j|$lt§ 

fey thefetedbac fluid ..-of all the furrountling is fet 

■ - ' ' v ' ; ’at. 
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at liberty, exerts its natural repnlfivc quality towards 
that body, upon which it does not find a iimikr quantity 
of dearie fluid refitting its fpring, or its dal lie and re- 
pulflve quality; it therefore ruflies towards that kind of 
vacuum which exiils upon a body negatively electrified; 
and thus the dearie fluid of this hotly, lofing its natu¬ 
ral ftate of equilibrium, and accumulating itfelf towards 
the vacuum, produces there a real pofitivc eledricity, at 
the fame time that the oppoiltc extremity has a negative 
one. 

Before I go farther, I muft fpenk one word more of 
that particular quality of condu&ing bodies, by which 
they receive, with a kind of reluctance, either ftate of 
eledricity; and, after having received it, part with the 
fame with as much feeming difficulty. This quality, not 
unknown to attentive eledricians, who muft have ob- 
ferved it, has commonly appeared fomewhat extraordi¬ 
nary and difficult to be believed by many eledricians, to 
whom I have happened to explain my theory of the dec- 
trophore, As this quality is the foundation of this theory, 
I conceive it will snot be amifs to demon# rate it by fads. 

The hr ft part of this inherent quality of non-con- 
duding bodies, receiving a ftate of eledricity with more 
difficulty than conduding bodies, is eafily ftiewn by the 
following Ample experiment a* piece of dry glaftyheld 
i t , . t" . t \ d' near 
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near a prime conductor, will receive no electricity, or al- 
raoft none, at the fame diftance as that at which a piece of 
metal or another concluding fubftance will have received 
a confiderable degree of electricity, or even a full (park. 

The feeond part of this inherent quality may be.thus 
demonftrated: a piece of metal infulated, as, for inftance, 
the metal plate of an eledropliore, placed upon the cake 
of refm excited with a confiderable degree of eledricity, 
will not receive any eledricity at all, or only a faint one, 
when it is feparated from the cake without having been 
touched when it was in contadt with the cake, or in the 
fpliere of adion of the cake, though it was really in a 
date of adual eledricity all the time it was upon the 
pla’e. Now, if the cake of refin did part as eafily with 
its ftate of eledricity as the metal plate, it would leave 
a confiderable degree of eledricity upon the metal platft; 
the more as it is well known that the metal does not 


at all refill the receiving of it. 

Though it would be perhaps in min to attempt a 
thsr explanation of this inherent quality of 
dwting bodies., will rbe-eafyito of 

nature by airexample-of another inherent quality in all 
p*tf$er,<whfGii*$ir jjsaac iNEWTON calls jtbn ms 
and is aw) injtta, by which matter refills being put 
fion, and:, when it, is once put in motion. re<inir||^; ; .mnch 

Vol. LXVI 1 I. 6 0 , bid ‘ : ' v ' 
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force to flop its motion us it required to be brought from 

a ftate of reft to that of motion. 

Let \is now conftder attentively the flute of a body 
fituated, as I have before, ddcribed, in the ipherc of ac¬ 
tion of an excited dearie; as, for infhmce, a cake of rc- 
fm, a flat gluts, or any other non-condudling fuhllanee; 
or, in other words, let us conikler the ftate of the metal 
plate placed upon the reft nous take of an eledtrophore, 
fuppofmg this cake to be excited with a positive electri¬ 
city; which ele&rkity it acquires eaiily by Hiding the 
knob of a Leyden phial, charged rn the common way, 
over its furface and by various other ways. . The fttper- 
abundant electric fluid of the cake repels the cl citric 
fluid of the metal plate to its farthermoft extremity, and 
excites there an accumulation of that fluid; or, in other 
words, produces there a poiitivc electricity, whilit it pro¬ 
duces' a negative eledlricity at the furface in contact with 
the cake. 

If in this condition a conducting body be brought in 
contadl with.the metal plate, or within its ftriking dif- 
tance, it receives afpark from it; which fpark is the cle- 
tric‘fluid of the metal plate crouded upon the extremity 
of the metal by the repulflve force of tire fuper-abundant 
eledlric fluid of the cake. 
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If the metal plate be touched at that fide where it is 
really in a negative ftate, it will, notwithhanding, part 
with its accumulated poll live electricity ; becaufe the re- 
pul live power of the atmofphere of the cake will force 
this crowded eledtric fluid out of whatever part of the 
metal is touched, the cleCtric fluid palling through me¬ 
tals very freely. 

The metal plate, thus deprived of the electric fluid 
crouded upon it, becomes in a negative ftate; but the re¬ 
pellent power of the cleChic fluid of the cake continuing 
to a< 5 t upon the metal plate, forces what remains in it 
towards tire farthermost extremity, fo as to produce 
much the fame ftate as it had before it was put upon the 
cake; fo that the negative ftate, in which it is in reality, 
cannot appear but when this metal is taken out of the 
prefling atftion of the atmofphere of the cake; and 
therefore the metal plate being removed, by the inhi¬ 
biting handle, from the cake, gives evident figns of hav¬ 
ing loft a part of its natural lhare of elcdric fluid; or, in 
other words, of being electrified negatively, tlie refinous 
cake being more tenacious of the ftate of electricity, 
which it had acquired, than the metal plate. 

If the refinous cake be in a ftate of negative eleftricity, 
(which it acquires by a friction cither yritli a dry han^^,. 
piece of leather, or a rough Ikin; or by Hiding spega-, 

6 0a , . five 
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tivc part of a charged phial upon it, or by many other 
ways) the contrary muft happen, viz. the dearie fluid 
of the metal plate, finding a kind of vacuum upon the 
refin cake, rulhe* upon it, and thus leaves its uppolite 
extremity in a negative Itate. 

A conduaing body, having its natural quantity of 
dearie fluid, being brought near this metal plate, gives 
it a fpark, which fpark the metal plate retains as an addi¬ 
tional quantity. If the metal plate be afterwards fepa- 
rated from the cake, it mull retain this additional quan¬ 
tity which it has received from the approaching body; 
becaufe the refinous cake being, from its nature, more 
tenacious of the ftate of cle&ridfy acquired than the me¬ 
tal, remains thereabout in the fame condition as it was 
before the metal plate was placed upon it; but the metal 
plate, having acquired an additional quantity in the time it 
was placed upon the cake, carries with it this quantity, and 
muft tfterefafe return from the cake in a potitive ftate. 

This confirms what 1 laid before, that in the ftrft cafe 
the cake of refin does not quit readily the define fluid 
which it had acquired; and, in the fecond cafe, does not 
fteal from the metal-plate the de&rie fluid which it had 
loft. 

What happens to the metal plate placed upon the re- 
flnous cake happens alfo to fife metal upon which the 
refinous cake is commonly fixed; but the reverie muft 

■ . take 



on the 'EkBrophorm, 1045 

take place, that is to fay, when the upper plate is taken 
off the cake in a pofttivc ftate, the metal under the cake 
muft be found in a negative ftate, if the elecStrophore be 
placed upon an electrical Hand. 

It may be afked, what difference there is between an 
cledrophore and a coated phial, or a flat glafs coated on 
both fides ami charged ? I anfwer, that there is none at 
all, if both or only one of the metallic coatings can be 
taken off by filk firings, a piece of fealing wax, or any 
other inhibiting fubftnncc. The very fame day I received 
the ele&rophorc lent to me, by his Royal Highnefs the 
Archduke Ferdinand from Milan (which elcdlrophore 
was a thin reft 110ns cake ftuck upon a flat piece of metal, 
to which was adapted a metal plate furnifhed with a glafs 
handle to lift it up) I produced the fame appearance by a 
common pane of glafs and the metal plate of the electro- 
phore ; but foon finding that glafs, however dry, quickly 
lofcs its electricity (probably from its eafily attracting 
moilture from the air) 1 tried to cover it with a reftnous 
fubftance, or to varnilh it over with a hard copal van- 
nifh; by which means It was eafily excited by fri&ion, 
and retained a long while the elearical power, though* 
•not fo long as the reftnous cake. 

'I will'now explain "the nature ofair elearophore • in a 
manner more f&hiliar to eledtricians, who uhderftand • 

’ ' ■■■ dvrH.''' ' ''the-.' 
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5 the received theory, by taking inilcad of an clccirophore 
* only a common pane of glais, adapted as a magical pic¬ 
ture, with this difference only, that both coatings may be 
taken off by fills, things t aliened to them,or bv pieces of 
' foaling wax. Having etlablilluxl a free communication 
between the common itockand the under coating, apply 
the upper coating to the prime-conduftor of an ordinary 
electrical machine, the pane of glais is charged in the 
common way. The prime conductor has forced a fuper- 
.abundant quantity of eledric fluid upon the furface next 
to it, by means of the coating, and as much is forced out 
of the oppofite furfacq, and driven into the common 
ftock,V Open a metallic communication between the two 
coatings,, and inftantly the glais will be, as we call it, dif- 
•.charged; and, indeed, it is fo to all appearance; but, if 
we examine more accurately \v,hat has happened, we 
fhall find, that the upper metallic coating has parted, by 
the difeharge, with all the ele&ric fluid which the prime 
condu6tor had forced upon it, and even with that part of 
Its own eledMc fluid which the repellent power of the 
iupcr-abuhdant fluid, communicated to that fur-, 

faqe of the glafs by the force of charging, had driven 
into it; and that the under coating has recovered as much 
.as the glais had forced through it into the common ftock, 
.and has above that acquired 0 ^ ahiorbed. that addifipmil : 

, ,. ik . '' ' ,, 'quantity 
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quantity which that iurface of the glafs, being brought 
into a negative ftate, had drawn from the metal itfelf. 
And thus it will appear, that the glafs had, in the c]jf- 
charging, by no means parted with that ftate of electri¬ 
city which it had acquired by the force of charging. ■ 
Now, glafs and all elecStric fubftances receiving with • 
more difficulty a ftate of electricity, and parting with it 
with more reluctance, the confequence mult be, that, 
when the two coatings are feparated from the glals, lb as 
not to be in tlie way of abforbing or loling the eleCtric fluid 
by other conducting bodies being near them, the upper 
coating, which was pofitive when the glafs was charged, 
and nearly in its natural ftate, when after the dif- 
cliarge it remained in conjunction with the glafs, mult 
now give ligns of a negative electricity, having loft by 
the difeharge a fliare of even its natural electric fluid in 
the manner mentioned. The under coating, which was 
in a negative ftate when the glafs was charged, and (like 
the other coating) in a natural ftate when. after the 
difeharge it remained in conjundtion with the glafs, muft 
now* being feparated from theglais, he in ar pofitive ftatej 
becaufe it had abforbed a quantity of electric fluid in the 
manner explained; which fuper-abundant (piautity it 
muft take with it in the moffient of reparation from the 
glafs, becaufe the glafs being unwilling eafily to change 

its 



•1048 rNGEN housz’s Experiments , See. 

its acquired ftatc of ete&ricity leaves the metal without 
.robbing it of that quantity hi fluid which it had ac¬ 
quired. 

If tlicie two coatings, fepnratcd from the gluts, are 
brought near one another, they at trail each other; a 
fpark enfues, bccaufe the coating, which has acquired a 
{uper-abundant quantity of dcdtric fluid, imparts it to 
the other, which had loft as much; and thus a pertodfc 

equilibrium is reftored between them. 

If both thefe coatings are applied as before upon the 
fame glafs, a pofxtiw fpark may be obtained from the up- 

^negative one from the othtj. If 

they are'.fcparated again from the glut's* as in the firft cafe, 
the uppermoft coating will afford a negative fpark, and 
the undermofl a pofitive; and thefe alternate i parks may 
he continued a very long while. 

This explanadon or thoary agrees perfcftly with the 
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XLIX. Obfervaticns and Experiments tending to confirm 
Dr, Ingcnhoufa’s Theory of the FJedlrophorus ; and to 
Jhcw the Impermeability of G/afs to Ekdlric Fluid. 
By William Hcnly, F. R. S. 


Read July 9, Tp^R. FRANKLIN has obferved, “ That 
t 7 7 8. I B 

“ there is a great quantity of the elec- 
te trical fire in glafs; that what it has it holds; and that 
“ it has as much as it can hold; that what is already in 
iC it. refufes, or ftrongly repels any additional quantity: 
a that when an additional quantity is applied to one fur- 
u faro of a phial (for inftancc, by the atmofphere of an 
16 excited tube) a quantity is repelled or driven out of the 
t( inner furfaee of that fide into the vefTcl, returning 
« again into its pores, when the excited tube with its at- 
<4 mofpherc is withdrawn; and that the particles of that 
u atmofphere do not thcmfclvea pals through the glals,” 
The following experiments, i think, remarkably il~ 
luftrate this, by flic whig that bodies are very differently 
Vol. LXV11L 6 P ,afledted 
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affected by a fluid aaing immediately upon them 
through glafs; or by ud'ting upon them immediately by 
the gktjh as above mentioned. 

EXP E 11 t M F N T. 

A circular box, three or lour inches in diameter, 
and a quarter of an inch deep, is iunbilled with a 
thin glafs for a top. In this box batter .fume very 
fmall fteel filings, or lift them into it through a piece of 
■writing paper, which has a number of boles pricked 
through it with a pim Then apply one of the ends of a 
magnetic bar to the upper furfaee of the glafs; the filings 
will be inftantly attracted to the glafs, and remain there 
as long as the magnet is thus fufpended over them; but 
the moment it is removed, the filings full to the bottom 
of the box, and there remain at reft. The gluts then being 
made perfectly dean and warm, let u fine piece of am¬ 
ber, fealing wax, 8tc* be fittingly excited and applied to 
it as the magnet was in the former experiment; the 
filings will be inftantly in motion, and will continue & 
for fome feconds. When their motion cedes, withdraw 
the amber, &e, and the motion of the filings will be re¬ 
newed, and continue as at firft; this fhews,ithiak # that in 
3- ■ ' both* 
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both cafes, they really act as conductors of the cle&ric 
flukl between the lower furface of the glafs and the bot¬ 
tom of the box, in order to re [tore an equilibrium, as 
upon Dr. franklin’s principles they ought to do; and 
that the cleCtric fluid does not, like the magnetic, abfo- 
Intel y permeate the glafs. 

experiment. 

Take a clean, dry, thin phial, about four inches 
long, and one inch in diameter. In the cork of this 
phial fix a fmall loop of very fine iron wire. In the loop 
fit i pend another wire, about two inches and an half in 
length, by a fimilar loop; and on the lower end hang a 
light round ball of the pith of elder or cork, and be care¬ 
ful to give the wire as free a motion as portable. Let one 
of the ends of a fmall magnetic bar be brought near the 
fide of the phial, and the little ball will inffcantly come to 
the glafs, and there remain as long as the magnet is held 
within the difiance of its influence. Remove the mag* 
net, and the ball inftantly retires to, and remains in the 
center of the phial: then dry and warm the glafs, and 
let an electric ftrongly excited be applied to the fide of the 
phial, as the magnet was in the former experiments the 

6 P a 
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ball inftantly comes to the iUle ot tlie gluls, ami there re¬ 
mains feme fccouds, ami then vetuiit> to tilt: tenter ol 
the pliial. Withdraw now the excited clWfru, and the 
ball in Handy returns to the glufi upon the prim iple be¬ 
fore mentioned, which is more complete 1\ the\\n b\ the 
filings in the little box. 


K X P E It I M V. N T. 

Let a piece of thin glut's la; placed as a enver to a 
circular box, about fix inches in diameter, and three 
quarters of an inch deep; put into the box twenty 
or thirty light balls of cork, or of the piih of elder; 
then, having made the glals very dry and warm, expole 
the furface of it to the electric matter illume, from the 
prime conductor to a good electrical machine, the halls 
will be inftantly in motion, and will lb continue tor ionic 
time, the box being moved in Inch manner that every 
part of the glals may be afl&taU 'Then remove the 
box, and the balls being at reft, turn the glals, placing 
the upper furface. downward j the balls will then mftantl.y 
renew their motion. When this fixund motion ccuies, 
touch the ihrface of the glals near the center v.ith a 
finger, or, which k better, with u round, fmootli piece 

• of. 
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of wood or racial, the balls will inftantly fly to either of 
thelc, and will frequently pile themfclves up between 
the glafs and the bottom of the box, eight or ten in a 
pile, and will remove themfclves, following the wood, 
See. to different parts of the glafs, till the charge is ex- 
haufted. Apply the glafs again to the conductor as be¬ 
fore, and when the motion of the balls nearly ceafcs, 
remove the glafs, and place on each furfacc a circular 
coating of metal, reaching within an inch of the edge of 
the glafs all round. Make a communication between 
thefe coatings, and the glafs will then fliew that it has 
been- charged, and All give a very llrong fhock: this 
proves, that the uedric matter did not abiblutcly pals 
through the glafs, but only acted on the declrkity 
inherent in it in the manner explained by Dr, fkank 
UN. 

The direction of the electric matter, in the difeharge 
of the Leyden bottle, hath been Ihcwn in a variety ot 
methods (fee Philoibphical Tranfadions, vol. lxiv. and 
nxvn.); but 1 (hall here mention one which, 1 think,, 
a very curious addition to the number. Mr, lull in, ot 
Geneva, placed two wires, the one upon, the other un¬ 
der, a card, the ends of the wires, in contad with the 
card, being about an inch from each other. This appa*. 

ratus, 
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Talus being made a part ot the circuit, a charged bottle 
of a proper fizc was difchnrged through if: when the 
charge, palled along the iiitface of the card from the end 
of that wire into which it was dihdinrged, fill it came to 
the end of the other wire, ami there pierced a. hole 
through the card, palling by that wire to the negative 
fide of the bottle; and this happened whether the bottle 
was charged politively or negatively. A learned and in* 
genions correfpomlent of mine, the human able fhh»k- 
ric CHRISTIAN MAHLtNCi, cottniellor of date at Copen¬ 
hagen, has improved this experiment, by full panning 
the card in aline about half an inch broad on each fur- 
face with Vermillion, The ftuirgr pal it up, in this line 
(the card being previouily well-dried) ihew - its p.dfage 
by a black markon the Vermillion, the mark being on 
one fide of the card when the bottle is charged poll- 
tively, and on the other fide of it when the buttle is 
charged negatively. To which 1 would add, that a line 
of light is feen upon one furface of the card t 1mm gh the 
whole (pace between the ends of the when in one ».ale, 
for iruhuiee, when the hot fie is < hargi <1 pufVivt ly. Hut 
no light is feen in the other cafe, that is, when the bottle 
is charged negatively, till the cleft duty burfts a hole 
through the card to get at the wire which is in contaft 

' . with 
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with the negative fide of the bottle, as in this cafe the 
charge paffes along the under furface of the card. If 
the card be placed vertically between two infulated 
wires, as in the luiiverfaL difeharger, deferibed in Mr. 
cavallo’s Treatifc 011 Elcdlricity, the experiment may 
be made with great facility and certainty. The card 
may be fixed on a bit of fealing wax, or fet in a piece of 
wood, fawn to a proper depth with a fine tenon faw.. 
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By the obfervations cm the 19th, I find 
the error of the common reckon! 
have increafed 55 mile:, and bv tt 
have preafed 50 mile;: thereVon 

think them a iu: 5 cioKt confirmat 


C High iancl EoS diitarce 12 leagues, vvhichj 
[Moderate breezes, aatl r.o ice to be feen. 
Ditto, with ir.ifis. 

Frelh gn’es, 

Frefli gales. 

Cloudy weather. 

Saw the firfi: ice luantls on the Labrador 
Much ice. 

[Much ice. 

Round Hill lilartd, bore N 1 V. fi.tor fcven] 
leagues, which being the eaftcra part 

53 34 5 T. longitude 54 29 W. 1 


£ We anchored in Porcupine Harbour, where we ftaid until the a 6th of September, and from thence proceeded 
to England ; which being a common rout, I fhall conclude with a few general obfervations on this part of the 
world, fo little known and lb terribly represented by people who, in order to raife their own merit, make dan* 

. •gers and difficulties of common occurrences ; merely becaufe the places are unknown, and there is little or no 
probability of their ever being contradicted. I do not mean this as a perfonal reflexion ; but having difcouiled 
with many of the mailers of Greenland veffels, as well as their employers, and heard fuch dreadful ftories of 
thole countries, I cannot help remarking it as a circumitance equally foolifli and ridiculous, tending to mifieacl 
thofe who from a laudable principle would be benefactors to their country, but are deterred from it by fuch re- 
prelentations ; and I appeal to thofe feries of facts for the truth of my affertioru The weather in Davis’s Straits 
• is, . in the fpring and autumn, boifterous; the ffias mil irregular, like the Gulph of Lions, and other 
places I could inffimcc (that is fhort and high}; occafioned (I imagine) by the narrownefs of the Straits, the 
many impediments it meets with from the ice, and its being open to the foutliern parts of the Atlantic Ocean. 
As the fouth winds are always the ftrongeft, bring thick w r eather, and the greateft fea, fo the northern ones bring 
fine dear weather, and are feldom ftrong. I lliall here finifh thefe obfervations, with the particulars of them. 
See. and fhall communicate obfervations on the ice, the atmofphere, the land of Forbiilier,. and the probability 
of a north weft paffiige, in a fhort time* 
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EiTay de RHur tln\u Pliui, 4 * 

Elements Tcorico prattec dd Matcnn-- 
tiehc pure, torn* V !L 4* 

A Lift ot various Editions of the Bible, 8® 
lliiloire de$ premi a's temps du Monde. $® 
Nouvelles Lucrairea de divers Raya. 8® 
Rphcme rides Altronomicie. 3 ® 

Du FrondHc dans Ics Maladies Aigues 8® 
A Collodion of Prints in Imitation of 
Drawings. 2 vols. fob 

The Theory and Pra&ice of HuR 
bzmdry. 4® 

A fet of Micrometers in a Shagreen Cafe, 
The Grammatical Works of Don Gregorio 
de Mayans, 9 vols# x c° 

The 5th voL of the new Edition of 
Chaucer. ? 8° 

A Defcriptton of the late Mr# Robert- 
foil’s Improvement of the Gunters 
fcale as executed by Meff, Nairne 
and Blunt, 8® 

Monument el eve la G lot re de Pierre le 
Grand. fob 

A Sermon, entitled u Providence and 
Frec-agcncy*” 4® 

A, Colle&ion of Medical EBay5. x 

A PhilofopIdeal Dlfe, of Earth, 8 # 

ConnoilFmce da. temps pour 1780% 8° 

Obforvations Allrononuquca faite# h Ton* 
loufe, 4 # 

De Caufift Rom# Juris, tom, W* pars L 4® 
Obfcrvation.s 1 ’by liquet** tom • X, 4° 
An hhforical Defcription of an ancient 
Painting at Cowdry in Suflcx. 
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PHILOSOPHICAL TRANSACTIONS 


A*.' , 

jjVUL T'ER T % how punifhed among the Battas in Sumatra, p, i66> i 6 j* 

Ah* Experiments upon air, and the efTc&s of different kinds of effluvia upon £r^„ 
made at York, p» 194, Soil and fituation of York defer ibed, p. 195, rc; 0 * De¬ 
fer!prion of the apparatus tried in making., the experiments, p. 197. Experiments- 
on the flute of the air, p. 198, 199* Experiments to find the offers of animal ex* 
halations upon air, p* 199—301* To difeover the ejfeds of vegetable effluvia upon 
air, p* 201—203, Remarks on thofe experiments, and on the dreadful eonfcquenccs 
a riling from animal and vegetable matter, in a, Hate of corruption, p* 203—207* 
The e£e£t of effluvia from ripe fruit upon, air, p, 207^208* Experiments on the 
efflsdk of odours upon air,. p. 208, 209. Plants have a different property In them In 
their growing Hatty p* 2to* Experiments on the efTcfts of the eflluvia from modi, 
itMiiliy, and other kinds of foils* upon air, p, aro— 217* Loamy, vegetable earth, 
contains but Hide.noxious effluvia, jn at8* Pure clay and (and foils favourable to 
litakh, m they emit no noxious effluvia, ibid# Inferences proved, by the preceding 
experiments, p. 218—220* 

JUr* uncommonly clear U\ -ChefteiY p* *54# Water corrects mi purifies air ren¬ 
dered noriou* by refpiration and putrcfadlion, p. 14.K Concerning the cxpanfion 
of air in incafnring heighths with the barometer, p, 682—684# 

Alhitm* fume description of one, p. 396, left column* 

Algebra* Oft the arithmetic of impofiibk quantities, p* 318—343* Reflections on the 
communkariqp of morion by imp&& md gravity, p* 344.-379* Obfcmtions on 

the 
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th« limits of algebraical equation* i and a g.-oavd dcmonflration of Pcs Cartes’ 
rule for finding their non* her r.f idiitmatho atnS iKgutive. tome, ;>. Tu—jSS. 
method of finding, by the help of t'n- Ifta« N'cv;-m\ bimsmial ihcore 

■ t - s #.V. x * X 4 

value of thn vny Pmvty ems verging mfium: jnv.\s k v *f* j •]- — 4 « *— 

&o, nlieu a* is very ttoavlv tftjual t> * f f% f 4 - <h' % * ^ wc*!- 1 of emu lino <ftr 

«j a . 4 V rule im* n'Mvim* <me cafe m a cui -n; • .y.uhn *4 iiii.-i I’ium, - • vr;#*, 

... ■ 1 ': *,. .. % f i. m * '■ . **" *. 
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the oilier tafe of the fame equation, whi.h u is i,..t t.atiit.illy flutd to if!.,', :uu l 
which is therefore often called the incdu.ilT tale, p. y49. 


Jmdmm of zinc, on its ufe lor the pnrpnf; of eltsTk.il eavitathm, p. 


jh'ijhrthm, the propot ticmrtble nuiifne; nf inha itat.t; that die the • unmuli), p. 154. 
/Mmidh tail quantities of ttiii'.t there, p, 5, it f reduces ,t confnktablc tia.f between 
that town and Holland, p (>. 

AmUtfin, Mr. his account of a large lionc near Cap? Town, p, oj-.Kfi, 

Ju!mah. Of the heat, &c. of anttmals, p. 7, The move pt-rlcit animals have the 
greatufl power of retaining a llanilitrd heat, p. 8 * i hey vary istmi their ibutdard 
Kent by external application! or difenfc, |>. 8—1 ; Htpruiwiits t»t tin*! the Millet - 
encr. in the ■ jukf.;n-K of the tranfition of heal ami CoM In. 'n il... xiui ,! •.«! , arts, 
nwl if the latitudes to which rtir.h would f.'J Here ttillVrettf, p , | () j- 

an animal capable of becoming much voider than the comm, n o; n .nr .1 hr.ti, 

' p. 14, '15. The fame parrs capable of Iwcnnmig much hotter than the ilmid.tnl heat 
of animals, p. 0—17. Afltml hrat hit realcd awl dnreafeil hy the application of 
external eolti1 ami the heat varied according to the powers of life, in the fame 
parts, ami in different parts of the fame animal, p. 17—19, berry pan of an ani¬ 
mal is not of thr lame degree of heat, p, n—-13, fowl* form? drjpm warmer 
than quadrupeds, p, *$*—»£, Imperial elides «f animals capable of vaiying their 
heat to that iiandatd which can ff*c/<c Mm fnlhU or fluid* when dead, p. -7, 
Kvperimetiis to determine what degree el heat impelled animal* could be bttnipht 
to, p, ay, rtf. To determine whether lift Jin* any power of redding heat .on! cm Id 
in theft eltflfet of animals, p. ah. bower ol refilling dent and cold raids h, .mitmd 
liiiulflitcea devoid of apparent organization and motion, p, id—pj. itniuiks m 
the iom-oing exprrittient*, p, jo—jj, K«)wrin*t»t in (ieating pm» ut uiiintnls, 
with a view tu fre if they w.mld hr tr.hnrd t„ the aettom «i life when ihawed. 

{>. ,$4—3«. . 

dbWexhalationa, eeperimentt to Hud their effefts upon air, j». 199— J0I , 

Adimlh their opinions concerning the communicating of motion to bodies, p, 34 4, 
Sec* ■ ' 

Aminhimm Jmm, the effort of their rfflovin upon air, p, ao*. 

Avii/fftk Mqimt* of the narfm of Hoffis, concerning it, p. 6**, The habitation and 
. ** mm ^ U ««S tow daferiW, p. 6i|«-6s ? . Thai* manner of pre* 

, , .. - 
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paring the common drink, called Rufs qmtft, p* 627, 6a8. How the Loiter fo?t of 
quafh, or kcefla lichee, h made, ix 6a8, 629, Remarks on it, p, 6:9, 630* 1 heir 
manner of making rye btcad, p. 6jo, 631* How then failed cm^mbrn; me pre¬ 
pared, p, 63m Oilier food which 1 ms the fame tendency* p* bja, 633, Of their 
clmuhhy, Liitlif:, and mamuT of fluepmg, p. 634, 6jj* 

/htu v.ni :t.;. kit* dr. iu the Cadi a country of »Sumatra, jn 17:. 

dfftii'itim* IXdcrlptfon ol rnetolhew the different eflccis of points anil halls at the 
upper terminations of omduttojs, to leeurc houfo.% ike* from lightning, p, 15 ^ f 
Experiments will) if, p* 156—159* Defer! pci ons of an apparatus iked in making 
experiments on the effects of different kinds of effluvia upon air, p* 197, i,)e- 

fcjiption of one for making new experiments on the uatmo and ufe of cundudlms, 
p* 247—254. Meaforwmmf-t, Sec* thereof, p, 3*1 — 313, Defcription of a forced 
apparatus for determining the cftc&s of pointed and fpherical terminations to con- 
duttors, p. root—1005. Defcriptkm of the deetrophonuq \x 10*7, &c» 

Jrahx An account of a moil dreadful putrid fever, ciuifed by the Arabs among the 
Turks at Uuffora, p. at 5. 

Armmtry* An dluy on pymmetry and arcomt’try, and on phyfical meafures in go* 
n c ral, p, 419* See Pynmuty* 

Jrijlothx bis op 3 nh.ni concerning the communicating of motion* to bodies, p* 544, 
/irsthmik* On the arithmetic of impoilibic tjuantitica, p. 318—3,(,3, 

Jjjii'fat'uhx its c&vtl: upon air, p* aa& 

JflrmammlOhjiwwhw made in the Auitrhm Netherlands, in the years 17^3, 1774, 
and 1775, p* 637* How ihc ohlimtions were taken, f and with what iniirument**, 
p. 639—641, J,longitudes of fovrral places, p.640 Dutiable of the Refuge de 
Vrowpcrg, Rue dcs Dommiqumnc*, at Louvain, p. 642,643, Its deduced 

from obfcrvatkma of Jupiter A iaurllitcs, \x 644, For the longitude v\ I -ouvam, 
p, 643—654, Farther cbfervattous of Louvain, p. 654, 643, For the longitude 
of iktdlcis p, 615—638. Far tin r nhfcmtioris at Brulftle, p. 639, 660* 

Atmfyhm* Expertmems upon vegetables, n;fpciTmg their temperature comparatively 
with that of the mmofphere* in different feufoms, p* 41 - 48* dtn»e oj the otmo* 
fpherfc and fcakm preceding the can liquates of r/49 and 1;. 30, \x State of 
them; preceding the earthquake at ftlanchctUify ^ p* *231, ConaTidog cer¬ 

tain mmofphere# which bodies have found them when properly charged with clfflUc 
flaW, p, 307—509. 

Mnjirim Hr.tbirlmth, aflremonueft! obfervations made there in. the years 1773, 1774, 
and *775, p* 637, See Jjlmm’mlObJm%tmu ■ 

B. 




[ io68 ] 


B. 


Vs.yr. Tiu Baker icfture for 


the year iyyS, tend by Dr. John fngenhnufc, p. io„'p 


! u : l > ElcJnfhm, 

1 in-farce of firet! gonpw U-r, 3,,! the it ini! vAmririm; «f eum<»n balls, cl.v 
"irrmincJ !>y experiment- 5 fnn.t w.-.ith u aim deduc ’>1 'he relit i •» < I die iimint ve. 
ft’ci'y to the weight of ih - lh.it ami sit'- jua^ri y ft re'..k*i, p, ftv r f •’« 

J’tIK ar ihc upper termination <>f cm hi. i.n •, n iVcnte hnufei, 9 u« Iiem It diming, 
llt « fn ufcfut as points, p. r 5 lU.t.nfcti iwndufton imuc bt««din;.» a • d.,lt 

the effert* d lightning better than pobue! ones, p. Ihtiund cnidnCtnu 

recommended as the mdl cHVftn.il hr t'l!.. ptirpdV, p. .1' •; 1' 7 * bujutty whether 


iharp or h'unt*p<»ntcd eomioftors arc tie* fitted to prufew building* front ltj-htning, 
p,'g 0 1 l—8*o. Experiments on cfeUricb,-, hr i«g at. attempt m ihnv the ailvxuu^e 
of elevated pointed coml« 41 "rs« p. Kemark'. on Mr* WiMoit,. e?.peri- 

rrents on the nature and nfe «f cradaOnrs, M-dHsr. New e« perimemi on the 


Iqdm phi.il, itrfpeflim; the let t«tn.«ti< »»> o‘> o . p. ... 1—1 m, 

U, im k 0 (n kind of red), tumft* hail- with it in the ill ml d *«»atr.t, p. tU», How 
the inhabitants write with it, p. if* 4. L'fr.l in their ft.rtitiuttit.tr., r . tdi. 

ItV/r.yiw, munition amt be.ruh in the jitrtfli of I'Vnint, UtsHitt, • 1 ‘i-ing 

tony years, p. 6t ?. HMfrui 

Bari of oak, why preset red I", the pmf’tc of tanning, p. 1 tf. lb*w p vpaml fur 

that life, it.id. 

Barker, Thomas, efq, abdraft of hi* regiiler of thr barometer, thetmoritctcr, and r,tin, 
nr Lyndon in Rutland, in the year 1 “??, P* See / r «. 

Barmtttr, Hate of it at Port St. Otifgc in the Pad Indies during the mouth* of 
Oi'tuher, November, and December, tyyb, p- iSj— i>*. And in Jarttury and 
February r;;7» ifd-iqr, Ablfrafl of a jv-gtlVr r>f thr barometer, thrmn.itinei, 
ami r.iiii, nt ! ,ymhm in Rutland, fur the year tpy, p. , j j. So* fm tita'c of 
the barometer at HtilUd for the year 1777, p. At l,'»»«).>« i.<i t* .< h immiH 

threap,hour the fenw year* p, Ureaicd* led, nod mean height vf it 

there is. eil.'l) mm.ih, p. 

Mitrewifa , t'.imp iiitiia between Sir Gtwfge Mtiitkbnrglt and ('dm el Roy rules hit 
thr mrafurrment nl height* unit tin* barometer, p, t>Hi. tirneral imtcfpm.dntice of 
thetr refulw, ibid. Some little difference in their entjwiiie* arifing fr*»m the e\ • 
pan (inn ofqukkfiiw and the expan/ton <>f air, p. 6B1. On the e«i»*ati«m (nr tjuick* 
filvcr, p. 68,4 6K t* the espaofitta of air, p. 6Ri, 684. A cumjjiiiimn id their 
ol)f«v»twni, p, 6B5, HetturJca out the comparifan, p. 686, 6d?. A new tulc ftr 

.reducing the obfervariwu, p. 68R, 

>Barmih, near Leeds, a journal of U»« quantity of fain that fell there from to 

S7». 

' ' Burr, 
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J?*wr, Mr. !;?•• journal of \hc wcathor at Montreal* p. 550* See Jr^/lvn 

i.’/v. v'i in the walk, 01 the ;cnv» of C Avpie, and ufetl path hi the llreetcy 
p. ?. of the lame hr, in ;.he walls ard freeM of the town oh ’'liain, p, I* 

a foie oar in the Liard Jlhao, n Mr St. iViiyiid, p. 603, 604* 

A*/’hw, .v iwe-mur ef a molt JivruTuI putrid fever there, can fed by the A rah 4, [\ anj, 

Jluit <t.>, the Snhabb.nu:; of the Chsffia country in Sumatra fo called, j\ 164. A parti¬ 
cular account oftimui, p, if.;* ac» 

Sarnia, F.nhet* hit. opinion concerning the clouds conveying define fluid* p. 229, ,y* 
Concerning ms perpetual ele&ru’ity, p. iOjO, 10a. 

iC:;pu iiuei*ts oil the air of a lied, p, 199, 200* Clofe beds unvvholefome m 
dtfades, ibid. 

Bet's* A letter from Nathaniel Polhill* efq; on Mr. Deb raw’s improvements in die 
culture of bees, \\ 10 7—110, 

Bering the proportionable number of inhabitants that die there annually* p. 154, 

Brrn hi 1 opinion concerning the communicating of motion to bodies* with obfer¬ 
mions thereon, p. jijfi— jOo. 464—576* 

BLnJft»d Doifeij an account of h iptifim?, morriagef, and burials there during 

forty years, ju 61 5. Id,<jairy concerning the extraordinary hdtibricy of thin country, 
p . f 1 5—617. Number ofiiihahitant 4 , |>« 616* The yearly average of deaths t to 
39, p. 6 ?6, dry. Tabic of the ba pi bin .9 marriages, and burial*, during forty years, 
p. fid. Total of cadi, wall remarks thereon, p, 6uj. Annual average of baptifms 
and hum's m the four decennial periods of the tore o’ng table, p. 620. The whole 
number of 1 urials in each month, ami each quarter the year colicftively, through* 
out, the whole of the above period, p. 62 *. 

jkVA Imw the feurvy h introduced into it, p, 662. How to prevent and corredl the 
dhofder by fond* p* 6*94 &c, See Scwny* 

Bint o'/wi* an account of it*, p. 7$9, 5 90* 

. ItmvJufU Jm'me, tiunr letter to Sir John Pringle* endofmg a letter from Mr. Wilfeit 

to hm M Ally, and m account id Ids osperi incuts on the nature anti ufc of con* 

dmfloi’fC p “2.) ;s. 

Mr. hi** letter concerning a» accident from lightning at Pur fleet* p f 23 a*. 

BJiiS* DblWmw of opinion concerning the cmnuumiciuion of motion to bodies by 
ImfunT and gravity, p, 344—347* The laws by which motion it communicated* and 
the caufes which produce this ditfeumet* of opinion, fully confidcml* p* 347—379. 
CAneerimtg the mcafurc of the expanfton of bodies by heat', p. 419—453* 

Jfogi and muiihes, the noxious efllrfts of ih?lr effluvia upon air, p. 212—217,, 

town of* many columns of bafaltes in Its walk md firms, p. 3* Paved with 
Uva* ibid# A Inrd volcanic UtfFa ufed there for building* ibid# 

J?wr# Habitation and manner of living of a Ruffian boor deftribed, p# 623-^635# 

You LXVIID 6 T Brmdmhrgh, 
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3 rarJcnhur:h the proportionable number of inhabitants that dk m country pandas thers 
annually* |>* 1 54 * 

$ rm l Marnier of making rya bread in Rdfn* j% ^30, 63 <. 

Ih'tjlims the pioju rbor.abk number of mV- iv-m.-, tksl dh ;! nv mtmi: 4 *y, p» 1 ; s 

i^VbA nati a» I of a imMnokgiwl journal Lrpl i:.c re fir dm y,s p* ^7. dec 

lrw/» Mr. Thomas, hr^kdaiptkm of the esocwtiM t oh law, or fb tig fuL p* ;va^ 
Soo. 

firuffilu atlronomkal oldervaiior* frr in \un : hmk\ r \\ 6 f^C(}o* 

I'ujl-Jva, killed at the manure and butid cutjs ?m * in the t country in faimatM, 
p. 166* 168.* ■ 

Vulllin^j points at the upper terminations cf com Vfmr nvre uf< fal m f 1 yn* than fro a 
lightning than Iwih, p* t?S—»$9* ^ r * bnmbbub rtmar!; run m.mg uhn hmfdngu 
are# cure fienn the avudm eu lightning, p. Hall M-wbcWa anmei die pm pole 
better than pointed owr.*, p. 14;, &e* iVluP,! emdunn renunmemkd a 1 the mod 
idlkinal for dtb ptiqrnW p* jt liupdry v.i,cd r flap* ri bkn,M nmtnl cam* 

d,a r. me the fbkit to jm imr ha' in p« in i * . ; ! t* n r, p* I K* *fe 4 ja>. la pah 
muds on ekCUkity, being sn attempt t* Ihew the » h am 4,1* U cl taiul pmmed vtm* 
dskkrm p. Remarks m Mr* WdpeA new c&pmmrm and tibhnafioivi 

<m the nature and urn of amdmlop* p* S5 iMuipusm ul'4 moti diUdual 

method uHeCunug buddm.*/* aa.ii 4 m* , \. hr • /hr, 

Murids* baptifini* and marriages* in the fvnifh of JknJfbtd Forum* Oujfcr, dnting forty 
years, p# 615* bee tHiwJjbn! jferkm* 

Sdh$ (hides fb called) pmeeb tor tanning item* p« * 1 ifs 

id . 

C**Mrf£# s four, *1 great rmiiTwhoik among the Rolfi-w* p f»j&* 

CdviUtsdsu *\ u wuotitu of thr takulndcvn* rosttk fmin the fttivry mnl madWtn tdett 
u khduiflkii* in order m after rant the mean tirofay ot the rmflg p, tdbg ikt 
ftArth. ] 

The tlmdlttl cafe of Mr* Ilnlwd! %mt hh itnlupgy IvlUm .fntterm hi Cah 

p, ••;, . . 

Uddfiru* a #»’ **;nLt f '> k.r up hi; b •' 1 b n f .»! dp nid, an aermou til J| 
prila^ iUfOl <ti Oi ,'p { o fns ly vam-p, | S f f /, ; .p 

Mm mb Myitis llower^ tlw ifffft: of their pfiinvia upon nh» p* ,-ui* 

Ci/w^li/if, ppH rh ! m tninoi.g tump n, n t * 

Nadn* eainrddir ;tdt!irrapi b : , in , Cdnnde* jn 

GmftHy tn‘<\ hum: atvtao-f ^ f ;p ^ • 

p , < 'p/b, Mft 11 ab t p. 

how inliiybttt kmt ar« |>roda«d in tkm k p t 

.;p-d’.p.did ; :.d. : ; ,V 
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wr,//v‘ 5 n ready way of limiting it by a wry numeric' cDArkM fo^h n, | C1? . y cC 

EkSrkfd Spark, 

CtVrinm IShiu The force of Arm gunpowder, .if;,* i!m mb; >! y.’b>c;,.b r nf'nr.n v« 1 ,H ri 
by r f \prnu% jf f ; fn« which if aYo dv hewf rv ivbiba * , ?’v h YJ 
voloctty if> tin weight of dn* thot ami the qor.KJiy of jpmwkr, p, %q, fur; c/, w/i , 
pbrnkr. •. ; 

Tap* /' (IktHhpf^ joinr.nl of a voyage thither, p. 391—-404, From thence to LY- 

draft Head, j\ joj—4:6# 

£.cr/y "/Lee, an account of a large* (lone near there, p, ro?—ro6. 

Car Jan* A new method of extending Cardan^ rule for refolving one cafe of n cubicle 
equation of this form, ~:r to the-other cafe of the fame equation, which 

it is not naturally luted Co folve, and which is therefore often called the irreducible 
cafe, p. 902-949, 

CarmtimS) the died of their effluvia upon air, p. 202* 

Cajfm* A particular account of the inhabitants of the CafKa country in Sumatra, p, 
ibj—*r/t. Sec Sumatra* A ddaipuon of the Caflia tree, p. 169. 

Cmui/l^ Mr. an account of his method of repaying broken Leyden phials, fo as t® 
make them again nfeful for;experiments, p, toti, 10 iz* 

ChmU'a! experiment! and obfbmtkma on lead ore, p* 863, See Lm$ On* 

Chjhr* Obfcivatious on the population and difeafo of Cheftar in the year 1774, 
jn 13*. Some lev faint ary peculiarities in the fituation of C heller, p. 131^133.* 
The air uncommonly clear, p. 134. The centre the moil healthy part of the city, 
\% 136, 137~i46* Why the fuburbs are more unhealthy than the red of the town, 
p* 137*— 140. Concerning Urn fevers which appeared in this year, p. 14.1, 142'* 
'lire proportional fatality of the natural fmalLpox, p. 142, 143—145, The age 
when children IhouUI be inoculated, p. 143. The women live longer than men, 
p, ipj, Cheflcr peculiarly favourable to the female con Amnion, ibid. The projK>r- 
lion of marri d to unmarried pmfhrn, ibid. Why Chdler is unfavourable to popu¬ 
lation* 115, The proportion of deaths this year, ibid. Table of deaths* ages* and 
cmtdkiofu?, p. 147. Table of difefo, p. T4H, Total of deaths, in the winter, 
tyring, fimmwr* and autumn, p. i$o> Deaths by {mil-pox during the fame time, 
ibid. Death?; by fm,lib pox under one year old* ibid. State of population, fmalft 
pox, ami lever;, p. v y n Gtmnal bill of the frvcrnl parilta for wn years, from 
176I in 1773, p, 152. General bill for the year 1774, ibid. The numbers chat 
die annually in flu? frvml partita, taken upon an average of ten yean, from 1764 
to r;7*g p. ugL The proportionable number of inhabitants that die annually k 
v;nions place,, j\ i~.\. [7 , , 

CMUnn, their fqumtmg can fed by covering weak eyes, p, <p» The propereft age to 
it out late them, g, 143— r $0, 

Chhuk adulterate the native can phirc, p. 

* T ? 
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Chbm* Mr* J* ticou'ft «ccnu»t of a rrm.tif ihk fmmb iwpvikaltm of i?^h% with 
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m thaw the ndvrnmge of elevated pointed conductors, n. 8 a*. Sec KU^riafw R*> 
inaiks on Mr, Willem A experiments on the nature and uf. of condudors, p, 8^5*™*’ 
8(>o. 

C0kJ tortus* Nmv rxpetmmntji on the Leyden phLI, retyping the termination of eon* 
«!'n*tnr.% p« 99 p OMhrv.viuns on Mr.I fudyL experiments to (htnv that pointed 
0 nnkuukms arc pmUT.dfte to fphtrical min;, p, 999* icon. One of Mr, fieniy’a 
€';h pot smerits contradict'd by an experiment, ju 1000. DTeripdon of a forked appa* 
rataii for denv wining the fad upon which the difference Domed to depend, p. tcor 
Isnther experiments contradicting Mr, Henlyks, p, jooj — tom* Refuk 
'of the experiments at Dr. LindV, p, 1007. Of thofe at Dr* Wiggings with the 
TmkeJ apparatus, p* tcoS. Of feme after Mr. Kenly’s manner, p, 1009. And of 
fonic ar Mr. PartingtonV, p. 10to, ion. An account of Mr. Cavallok, method of 
repairing broken Leyden phials, kr as to make them again ufeful for experiments, 
p. 10 r 1, 1012, 

Contraf/tM* A cure of a mufculnr con trad ion by electricity, p, 97—10 re 

Cucumbm, fulted oner, how prepared in Ruffin, p. 632. 

€yfhukn 7 eledneal* the moil eaiy and cilKlual method of cleaning them, p* $6t, So, 


D*. 

Dahymplr, Alexander, eft], his journal of a voyage to the Bail Indies in the year 1775,., 
|\ 389—416, See VWknre 

Darafah Dr. Krafmus, his account of a new cafe in ft punting, p, 86. See Squinting* 
BamAs Slmgka* ' 1 'raek of the flop Lion from England to Davis’s Streiglus and La* 
bradore, with obfervatkms for determining the longitude by fun and moon, and 
error of common reckoning; ulfo the variation of the coxnpafs, and dip of the 1 
needle, obferved fairing the voyage in 1776, p, 1037. See 2 Jon* 

Deaths* , The proportion of deaths in Cheiler in the year 1774, p* 143. Deaths there, 
p. 147—130. Deaths there by the fn*aU*pox in the fame year, p. } go, tgu 
XVMm. A letter from Nathaniel Tolldll, efij* on MrcDobraw’s improvements In the 
culture of bees, p. 107-^110. 

Ihr , the river, feme account of it# p. 133, 

A i„m\ Mr. John Andrew, hi# dfay on pyrometry and areometry* and on pbyfica! 

invaliircs in general, p. 419, See Pyrmttry and dmrmtry* 

ID Merhtm % Dr* Charier, his ohfervatkm# on the feurvy, p. 661, See Scurry* 

D^f/Ity* An account of the calculation# made from the fumy and nicufures taken mt 
Mchelullien, in order 10 afeertain the mean denfuy of the earth,, p* 689* See 
Barth* 

BaCrnm, Qhkimhm on the limits of algebraical equations5 and -a general de- 
iisnrJlreubm of Vet* Cartes’a rule for finding their .number of affirmative and negative 
reiot% p* 380—^8. 

Bki, 



.Diet. Concerning the antifoptic regimen among the Ruffians, p, 6s;. :\t- Irh'u'c 

Jleghimu 

n of food, requires the g rente H: power ci heat an animal cm exeriy p. q, 

P> 1 * : item uL» nrJ ffffwvn'mn, on dippm* nmllc in a y , v > r t » the 

Kail imliVr* p. 391 — yKk ibp »‘ff the needle r Id, rum dm my .1 voy ije Ihm Km*- 
fami to DnvbN 8ti right* and I>-1 x Jmr tu j;; t\ p, ~ k/w, 
yfiifiajls* OUffnmd u?i uis the pup Minima am! tliicnf’"; **i < bulk ?* in \\y* yrnr i ?*? | 
(•. i ji i * Kit CJji/itr Mine «»l diffufei at fori Kt, < h orgy in thy i j Judith ,p u q,,- 
the mrmths of October, November, December, 1776, ami January ami I 0 usury 
1777, p* 193* Small rooms ami dole beds unwhokfome In tlifui&s, |x too, ?. 
Diieufe.fi, occafioncel by imwholeDme food, mull be cured by n correction of the final 
iifeIf, p, 661, &c* Stagnated ditches jnoducc difeafc, p. yj;—139, 

Dado's* ilaguatcd, produce dlfutib* p. 137—139, 

1 %, t:;penmenUi cm one relative to its heat, p. ri, 1;. Thr fhtttas of Mntratu rat 
^ cDg% p. 168* 

iu Ik in very ufeful in c!en»fm;r clcftric.i! cylindurs* p, S6 1, $Gj* 
the chief of each village in Sumatra lb called, p* 164* 
the villages in Sumatra, fa called* p. 164# 

Dorw'ce, experiments on fume relative to their hear, p, 

1 %/s of the unmarried women of the Cabin tmmay m fmuatra, p, it\j* 

Dtmh what their wiq p* 10& tuujedurc concerning the difference of fixe in 
drones, p, ror> 

Drmfoxmyt and gluttony ddlrucUvr to health, p, j q, 

Md/ith the proportionable numbered inludnums that die there annually* p* 1 q, 
DuJMtirj; the court of the palace of the elec tor-palatine there paved with » 3 ai* 
tot gat bum Unkd, p, 

' i§3^ ■ ■. 

i*4/# kept warm by /now, p, gj* 

:£tirtk An •ccttunt of tlw calculation! made from the furvey am! mptffimtft taktn at 
thdielialhcn, in order to airmail. the ,1 :,i,h thr i!- f <>f 

the horizontal ami vertical anglet. t, at vvue .ffiimc! at the |»ii.., t ui j ,.i t ,t» <» mi !ai,- 
thc ffirvey about SUtcliuilkn, p, (lyt—yot, Of the nieafutq of the two j riurij a! |,.,hi, 
p. 70s— 710. Meafurcof fliorter I too, p. ju: Other ttwtlmd* of ntuCin** the aC 
cu!*tiont, p, 7 j a—7 s f. AWratt of th« tefulu of the computation of the ft ftiunv, ». 

7 ”; V : 7)i - Refuk * of tiie irre ml" Xuo»*,, p. 74 Three fcflloni taken in 
a different manner, p, 745, 746. Application of the relative altitudes to determine 
the attraction of the hill, p. 747, 74!?, The ukulatkmi am! conflruttions apnikd to 
•She deteumtiatioR of the ufea of the attt«aion in the dirctiion of the meridian, p. 



[ j 

74S—77^* The attra&Ion compared to that of the whole earth, p* 779, 7$!, Con * 
coming the <k*niJty of the matter in the hill, p. 7K1—Ib.nnmks concerning the 
v:iv ;n denlity of die earth, p. 783, 7$4. Hints for other expel bren'K in thhi iinpm\iu*t 
inquiry, g. ; 8 •{—-788. 

Jlurtbean <v. An account of the anbqm.ke which was felt at Mandidler and other 
flares* in the year 1777, p. ss.ii — aa;. J)r, *Uu!idk)\s account of the flue of the at- 
motyhere and fcifon preceding the earthquakes of iye/j 9 1750, p. 228, State of the 
weather preceding this earthquake, p* 528—23 1 . 

£mibtjtni hr, very common in the ifland of Sumatra, p. 163, 

MartL-imms, frozen, with a view to fee if they would be rcflorcd to the a&ions of life 
when thawed, \\ 3d. 

£ajl Indies* A meteorological diary, &c, kept at Fort Su George in the Fall Indies, p, 
180. See Meteorchgiail Diary, Journal of a voyage to the Fall Indies in the year 
1773, p« 3St) —4 16. See Tables. 

Ecllffi* Ohlervations on the folar eclipfo of June 24, lyyS, p. 1013--1018*. The fame 
obferved at Lcicefter, p. 10 1 9—*to *u ♦ 

Edinburgh, the proportionable number of inhabitants that die there annually, p. 134. 

Me/, experiments on one relative to its heat, p. 27. Experiments on a living and dead 
one, to determine whether life had a power of refilling heat and colei, p* 28, 

MJiuvui* iv^perimerM upon air, and the effetts of different kinds of effluvia upon it,, 
made at York, p* 194* See /Ur. 

Mggs f experiments on fame, to determine haw fur they would Hand the tells of a living, 
principle, p* 2.8, 29. To determine the comparative heat between a living and a dead . 
egg ; and whether a living egg be fuhje£l to the fame laws with the more imperfed 
animals, p, 29, 30* 

EkBrkjhiJ, the conlhmt laws obferved hi the various motions of it, p. 1032—1036* 
Kemavha concerning it, p* 136, Obfemtions and experiments tending to con¬ 
firm J)r* IngenhtnilVda theory of the eleilrophorusj and to Ihew the impermeability of' 
glak to dcdiric fluid, p* 1049-^r045* 

Ektfrkai Exfurimhits, an account of feme, p. x$y Dcfcription of an apparatus to fftew 
■■ the different cllhdfi of point* and halls at the upper terminations of voudit&ors* to fecurc; 
fcoufb, &t\ from lightning* p» t.fj, r$<v lu experiments with point* for the upper 
terminations* the dotal 'lilcU* without the teaft <sxp2ofimi y p*'« 5'6,'157. - In ex- 

pcrimcins with balls at the upper terminations the clouds make expfofiouH according 
to the fae of the ^ baU? # firing the magazines p* 157* Remarks concerning the nfe of 

. points n the, upper cad* of comlttApf*, \h 157, 158. Further‘experiments Hie wing 

* ' that points at the upper terminations of conduttors prevent any damage to the build¬ 
ings cm which they are placed, mi that balk do not anfwcr the purpofc fe well, p* 

*SV* $ 9 \, 
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iEk'hical Sp.w. A read; wny cfliglirnga can 4 ie by a very moderate elcAnci! 

p, ioj Done by the expiowm of a fmalljar, p. ioj.:— to \- t . Method «»f c l tl j )1F j c 
in the night, p. 1024, to,; 5 A filial loaded with ioftsmiMaWe air ftcqaentlj ftedby 
tltit* meaw. f>. to">♦ to/fh 

D,r Dkeacy * f emrhuV. r:, v> lt!i flurp urd iduht hnimmimn* urn- 
iidered, p* ,kC * 7 * faj ■»; v , H;y *; p *, 

99^icn. 

Mk&mitjh a imifcul«r cortfra£l?on cared by k, p, *c*- i m, 0 a ihc ufc of » n , mu \, 
gam of fciuc, for the purpatt ■oiTfcctricd ocki-mou, p. Sf u The moll caiy ar:u.l of. 

. ie£lual method of cleaiifiiig.-elcflrkal cylinder** p* M i % *S6 
Mit'iSrkiy, experiments' on, ining art att.mn it* fht'tv.thc advantage of elevated pointed 
antdudbn,, p. H 03 * Defer iption of the nuuhim ani ap pa tarn of ■ 1 n\ il>« t xj^c? 

>p* B04, 82$. Twcat/'fcvcu experimenrwith ohimatvm, 1 jMut, p, & <o.***d 
Remarks on Mi*. WiHinds paper, mihukd, New e^ui* mintt 1 . .»tid oldi.rv;;;io«j, uj tl,e 
nature and lift of conductor:, p> 3 jj^ 36 'b* 

i&lf&nflmw* Dr* John IngenhouDT lecture on it, p. *0*7. IMuipthm op thitidtw 
trialjidlrume&t|. |% to*?* * 0 * 3 . Gro&l uf« m thi,% n;;;ilune, \\ t Vmim 

iltuu Luvs ob&rved 1ft the various mui*wi, of eteTrie il ;id« p, ? . $ * Ivv|Ti* 

nation of the molt obvious phenomum ett iit« deilmp limits p„ h* * # ts,\w$ 

of an cWlrupbort! p*pl fined, p. — r04.ll. Obi awl e\p itimvc ro.iidmg 

to confirm Dr. Ingr iihoufsft theory of liw dedropkem, mad to ihvnv tin? imperme* 
ability of glafstoekClrie fluid, p, ispc*- iojyf* 

Concerning the towing oiTlriv&al, jt* |||* 

Engank* Some account of that iflaml m%\ it?* ttthaititnnti, j\ \ 7 !*«->< 7 7, 

Bmatfm flying ftifi, a ikfertpritm oh it, p; ^{.^400* 

•W«j from warmer eiiutatei Dmetmtc. killed with the cold* p, jrg 40, 
txpmfmu Concerning the mral?t.re »f thecxpanfkin of by hud 9 \u 4 rc r ^ lt ^ Jr 
/jVc *4 covering weak om .s g^xeiaffy occaihm > r# r tl , 


'/w. Dr. bit mrnfk «ff # mrtom.kgwd journal for the yea/t;-"? fepuit 

IMflof, S(T V^nip^J 

Fmtiiti five int«g* r Ij.'.ei ULsh j*. j < ^ 

/«■»., malignant, how pnniuwd u„um & the Umc r rank ofp«,,.|e, P . , 1y , 

ew»m« ihc l,,vcr. wl.iel, .j.pe.ircJ »> Oodier ,« s hc y»r 4p. M ,, ,44, 

f ° W * n CBmp * 1 ' lSst: ‘ P* *°+> -“>• An at«nii ; t i,l a mu.! ,W : !ul j 

,cvct Ciiu,rtl b y il“ Aab .unodj; the i mk- ,u fi.a ,, , M 
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list underdloming, p, 884—890* Of the extra-lathing;, p* 890, ‘S91* Of the inter* 
Pairing, p, 891- Experiments on thefe methods by fire, p* t'91-^%3^ Trilling ex- 
pence oh this method in building;* p- 89 {,. 

experiments on feme, relative to their heat, p. zCu Why fiflr have recoilrfc to deep 
waters in winter* f, 3 a, 33. 'Tails of Mi frown, with a view to fee if they would be 
rdloml to the anions of life when‘thawed, p. 57, 38. A ddcripticm of the Exocmuis 
volitans, or flymgdiih, p» 791—800. 

Fkcrhtjt* Of the uuder flooring ufed in Ecu ring buildings againft fire, p. 884—890. 
Trilling expence of it, p. 894. 

F/wwrj, the dfe&s of rheir effluvia upon air, p. 20a, 203*. Bad elFed of dowers in rooms# 

, p* 209* A different property in them in 'their growing Hate, p# 210* 

Fluid, The 'Conftam laws obferved in the various motions of electrical fluid, p, 1032-— 
1036* Remarks concerning it, p* 1036, &c. Obftrvationas and experiments tending 
to confirm Dr. Ingenhoufe's theory of the Eiedrophoras; and to fttew the impermeability 
of glafs to ekClric fluid, p. 1049—1053* 

Ttying'JiJh (Uxoca*ms volitans), a deferiptionoflt, p. 79 r—800. 

F'ort MatM f in Sumatra, its lunation, p. 161, 162. Dcfcription of the 1 houfes there# 
p. 162* Of the climate# p. '162, 163. Some account of the Inhabitants, p. 163# 

164. 

For/ $/, Georg#*, in the Fall Indies, a meteorological diary# &c kept there# p* r8o. See 

Mdtoroiogicai D Awy • 

Ff/h a brook near York, feme account of it# p. 196* 

Fountains 1 hot ones in the ifland of St. Miguel, p. 6031 €06. Pcrfons cured of virulent 
d borders by their waters, p. 607, 608. 

fVit’A, experiments on fame* relative m their heat# \\ *3, 24^ Some degrees warmer 
than quadrupeds, p. 34, 25, 

PmnMh. r, Dr. his alfcrtion concerning what 'buildings arc feettre from the attacks of 
lightning, p. 239. An in ID nee to the contrary, p, 240. His do&rmc concerning 
fh&r pointed cauduflurs confidmed* p, 801, Ac. 

Framing parts tif animals, with a view to fee if they would be reflored to the aftiotis of 
life when thawed, p. 34*—38* 

Fmt, Mr. John, hit letter concerning Mr. Miller** account of the afl&nd of Sumatra* 

Ktiganho, See*' p. t6o, *6r. , / , / 

Frog* experiments 1 on one, fdarike to its heat, p. &6* ' Why frogs live under large ftooe« 
in the winter, p. 52, 33. , 1 1 ' 

Fm>, ripe, the effett of effluvia from it upon air, p. 207* i 

FurrMs, a valley m the ilknd of St. Miguel, m account of its hot and cold fpringi, p# 

* $04—607. Pcrfona cured of virulent difcrderi by theft waters# p, 607, bo8. 

Vofc. LXV 1 H. , 6 U 0 . 
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Gaii.'ee, his opinion one min" t! c crmrnuiiic.itijig of motion to bodies, p, - ^ 

<?/«/;, Ijie fiticil fabshiMce to ufc ,%t the llandaid of cmtipirifon in cperi men: s tmon 
the romp.ira.fve dilataWUties of Mies, p. 4 n, .j;,-. Glsfi a ufcful fubllamvVor 
tlm pendulum■ t.f tin ; . y - | -r„ .y/: < >!nh. vatio,.. ami exp-rimt-nta 

tfudinj; 10 mmlinu i >r. ! mi th<-m ..f .■I,vin r !„,ni ; , t «vi to (how the; 

impt‘mie;ibiiify uf g!aft to ckkrk lluM, p« 1049 — 

Ghticny ntul tkuufemicfs ifebutkiw? tn htaiUi, p* 1 3 j # 

GW//J, the tails of two fros;it with a view to ice if they would he rellnrct! to the 
ndbn.*i of life when 1 hawed, p, 37, ;B. 


GwJHo,*?, cape of, journal of a voyage to ir, p. 39 r~404. From thence to Matlrafi 
'Rond, p* 4^5—fj 6* 

Gw0vrrtcs, the < If ti of (Ink aiho/u upon air, p, joj>* ^ 

Gmvity, Reflections on the commtinieatioti of motion by impaft and gravity, p, j.|| % 

See v .. ' 4 , ■. '■' . • 

G«m, thrr great ufe in curing the hurry, p. f,fy &e» M-'rc antifcorbutie in their 
rmv Ante than when hi.iirtl, p. bo.j, ike. See Gw ms ' ; 

GmmUL Journal of a voyage to the Bait ImJie* in the Chip Gnmifit, in the year 
* 775 i p 416. Fee 7 .i'h. 

Grwwick inference of the meridians of Pari* and Greenwich, p, 1010, io;t. 
Of Greenwich and Geiceiler. y, r ;t, 

Gmuyi. Concerning Mr, Robins'* new jirincip! ••; in gunnery, p. 5,5— j [ HtWa 

■on Gunnery, p. jo. hre (;*»/<>u'«V. 

Gimpmvthr, The force of fired gunpowder, and the initial velocities of cannon ball* 

* deicrmined by experiment*} from which is aifo deduced the relation of the initial 
velocity, to the weight of the flint and the quantity of powder, p, $ 0 . The nature 
of the experiment, and <1* the machinery ufed in it, p i t ^ /\ p :tn , ( 4 | c ^ 

ferip.ion of the machine, p. 0 , 57. Method of finding the centre 
p. S7, 0 . Methods of afeermming the centre of gravity, p, 0, g ufe 
computing the velocity of the bid!, j, * v -f M . Htycimcm, made, w ,il. ,em„rk» 
on the 40 mm value! tiei therein, & S -S 3 , A view «i the principal inference. 

kbit reftfiitrcl from the mpimmU* p* 

Ga.yW,, experiments in firing it without the Irafl W e a ran« of * fe*0, », 

el? t>f h ' W& U Wkh the ***** *>* 3 Q S“i» 7 . Kemark on the 

two tiMilioa^ p* 3py f ; ; . , \y; 

Genpm»J f r pointed common to feeure them from lightning more 

than half* p, 155-159. Rounded condurtm* fecure them agaiafl ,h* efiefl, 0 f 

^ r rr anw * p * * 4s> &c Mmt4 mMm 

** the moil effhaual for tht purpofc* j>, 314-1*?, F«Uw* eaq«irk* cefpea.ng 

■ 4 ' . ' . a 
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ilwp and Waul cohdn&ors, p* 801—820. 8*3—855* S55—G5o* 99s).—ton, 

Guibu, Dr, Matthew, 011 the anufeptie regimen d the natives of Ruffin, p* inz* ike 
Anitjeftk Mi g «w/f* 


If. 

Hamilton^ Sir William* his account of certain traces of volcanos 00 the banks of the 
Rhine, p» x« See Volcanos* Mis letter coueenmig pieces of the large Hone near 
Cape Town, p» *06, 

Hawpjhin^ the proportionable number of inhabitants that die annually in a country 
parifh there, for 90 years, p, 1 54. 

ffanvMM, near Edinburgh, ex trad of meteorological observations made there, p* 5 64* 
See Afcteorohpjml Ob formations* 

Hayganh, Dr, J, his obfei vations on the population and difeafes of Chcftcr in the year 
1 774, p* 131. See Ckjier. 

IIoak h* The uncommon health indfs of Cholicr, p* 1,31—134, &c* Gluttony «: ;1 
drunken neft ddlrudive to health, p, 134. Loam, clay, and fan A foils, favourable 
to health, p* 218* . 

Of the heat, &e* of animals and vegetables, p. 7* See Animal ?, B’&getaMa* 
Concerning the meafurc of the expanfion of folida by hear, p. 419—*553* 

Ilt'fo/zs* Comparifon between Sir George Shuckburgh and Colonel Roy’s rules for the 
inoaliircmcnt of heights with the barometer, p, 681* See Bar runner* 

Ihtly, Mr* William, his method of curing a mufeular contraction by fleflrkity, p* tot. 
Older vat tons on Mr* Henly’a experiments to (hew that pointed ternuuniions to con¬ 
ductors arc preferable to fphencal ones, p. 999, 1000* Contradicted by expen* 
incut:-,, p* 1000— ron* Ilia obfervations and experiments tending to 'corfmn Dr* 
Ingcnhoufr/s theory of the ’elc&rophonis; and to (hew the impermeability of gtefs 
to eh drle fluid, p* 1049—1055* 

limry f Mr#"Thomas, h h account of the earthquake width was felt at Mimchdler and 
Other places in the year 1777, p* 3 31 * Sec Eartlyank** 

HtfiXtttU Dr* Bryant, on the ufc of xui amalgam of sidnc, for the purpofc of Metrical 
excitation, and on the moil cafy and cffcftual method of deluding ejkftrical cy* 
linden* |u 86* f 86*#' , , 

lh!m % near MtwcheiUr, a journal of the quantity of rain that fell there front'1765 to 

17% P* 57** ' ' ; ; - ^ ■ ■' ' " ' : ; 

Ihhw'l* Mr* the dreadful cafe of him and Jus unhappy' fcUowTufFeren at Calcutta, 

p* -soy, zo f \ - ,. ' 

, ilorjit eaten by the Rattas 'of Sumatra, p. (6B* 

Bofpmht how infeftiotts fevers are produced therein, p» 204—5107* 

6 V a ^ 
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Jlex/es, See., points at the upper terminations of emulators to fecure them from light¬ 
ning more ufeful then ba'.I.\ t 55—15‘> Hounded condiiiW* fecure houfu again ft 
the effeib of lightning better than j-lined otter, p. 2i% .Vc. Pointed condultm e 
recommended as the moll eflcitual for this purpnfe, p. .1:4 — 317, Farther in¬ 
quiries refpofling (harp anti Warn etmduiUirs, (>. Hot—8n>. 8r-~|,Y l0 . 

tot t. Uefcriptttm of lioufh Imilt with reel!* in the ill u.d of Sumatra* 
p. 162. A dtfcriptioti of the houfirs at Kurt M,il ! n>* in the ftmt* ill md p, 1O2. 
defeription of a moll efletlual method «f fccuting liuufe* .ig.titiil tire, p. SI... Sec 
Fin. 

Ifaitur , Mr, John, on the hear, &r. of animals and vrgtiuMes, p, 7, Fee A.ima\ 

Ftgi laths. 

ihttmi, Charles, efip on the force of fired gun pmulrr, and the inithi! vekicities of can¬ 
non-ball:), determined by experiments; from which i» nifa duluud the telation of 
the initial velocity, to the weight of the flint and the ijti.i»itity «| powder, p> 50. 
See Gm-povidtr. Hit account.of the calculationt ttir.de fir m the fmey and mca- 
furei taken at Sxhdhallkn, in order to afecruiu the mean dniiity ot the earth, p. &S9, 
his opinion concerning the eomtminicattttg of motion to lm 4 tea, p. j >{1.. 

1 . 

how infefliota fevers are produced therein, p. 704, *r><. 

Jamais, the proportionable number of whim that dm dime atteuilly.p. t; i. 

Jet keeps water warm, p. 33. I» one of the word eor.da£ln«» of hat, ibid. #. 
j %tu>, a finall ifbsnd near St. Miguel, a fine bafon in it, p, boj, 604. 

Imped. Refeflkms on the communication of motion by impact and gravity, p, 344. 
See Methn. 

J»fwy. Smatl-po* fatal in early infancy, p, t 4 j, 

JagiHheafit., Ur. John, bh method of lighting a candle by a. wry moderate tkflma! 
fparlt, p. ton, See Bhtiriml $p»rL Hi* leflure o« the liliflrophoru*, p, 1047, 
Qbfemtiou* and cxjwriiwtiM* »«di«g to confirm Or, I»g«»hnuf*’’a 
theoty itm SMbe/homt aad.» «ww the impttmMbibry of gi»f« 10 «i?#tk. fluid, 

P* .100 — lOjfJ, ; 1 

JmmhtMt inquitiea to demonflrat* the advantage* of it, p, 14*, 143, Th* *g« when 

. children fbould be inoculated, p. 143, 150* ... 

l«pum*h defeription of tsm intended to find out the comparative. .axpanfibilitke of. 

Mk* by kat, p. 4*0-434, Mr. U CerPt account of two iafinmnt* very ufeful 
; for dewoitinmg the perm proportion between dsff«»t uummbU* afiJtjg by Invert *»d 
wheel a*rf py®n, p, §50—998. 

Baft ifidka In the. year tyj^, p. $89—4»4 Se# fSkn. 
Journal of the w«thefatMi|iU|c*i) f* $$$, Sec Wmfat.% ; bauaft of a msteorolv- 
7 gkal 
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S?cal j^urml for the year 1777, kept at Brifiol, p. 567. See MdHroleptal Jatmeh 
Jc if, al of the quantity of rain that fell at Holme, near Manchrilcr, from 1765 to 
if'n ; and at Bartnvby. near Leeds, from 177a to >777, r . 5; j, 57*, Meteorological 
journal lot the year 1777, kept at the houfc of the Royal Society, p, 574—600, 'bee 

Jj!mJ ot St. Miguel, an account of it, p. 601. .See Miguel 

Juftm** fateilites* longitude of the Refuge dec. Vrowperg* Rac de Dominlquainca* at 
JLouvain* deduced from obfemtlons of them, p. 644, 

K. 

Strjk fitc&tc* a Ruffian drink, how prepared* p. 62S, 629* Remarks 00 it, p, 629, 63a* 

L. 

Imlrarforc. A voyage from England to Davis’s Streights and Labradore, widv obferva* 
tioua for determining the longitude, &c« p* 1037, See Lm> 

X.*alm iauty ox t hi mmdirful plant cf Smtnrt, fome account of lty p« 1-7#,. 

Lathing* Of the extra-lathing ufed m fccuring buildings fiom fnt } p, 8 )O t 
Trilling cxpcncc of it, p. 894* 

latUudtof the Refuge <k Vrowperg* Rue dcs BomlnjquaJnes, a*' Louvain/p* 1*4 *, 64^. 
l>r^ The court of the palace et the efeftor paktine at Dul&Kiorff*paved with a lava 
brought from Unkd* p. 2*. The town of Bonn paved with lava, p. 3, High rocks 
of lavaon each fide of the Rhine, p* 3, 4* Lava from Vdfuvius and the' loleanos near 
Naples, fuppofed to have been ufed for paving the great Raman roads, p, 4. 

Imw of motion, different opinions concerning them, p. 3 { 4—347* Wuencc thin dif¬ 
ference arifes* p* 347—379. The eon toot laws ohfervm in the various motions of 
tteftric fluid, p*. raja—1036* Remarks concerning it, p* 1036, &c* 

LfMgkip experiment* oivfoaw, .relative to their heat, p* 27, 

ImS, and otto metals, tow ufed m, the roofs of buildings to fecure them' 'from lightnings 
P* *«9» 

JL#W.0r#* Chemical experiments and obAmtiofti on lead ore, p. 863, State of Lad 
Ottr^ldtig-outoF the* mines# p* 863—*867* Experiments and obfer^tions cm it, p*. 

Experiments to*aftertain the order in which the various colours lucceed 
; etch other or. melted lead, p. 879—883* 

LmiimJrn» f : a jwfittole Wnfc to them concerning the fovfog of the fulphur contained In 
kaAwyp* 874* 875*. 

Imifm* An improved me W of tanning leather, p, 1 % u The principal operations w 
i tto mooing branch* p« 113—1 x 7# Remarks on the tedioufnete of their procefs, and on- 
itetow returns m the miming trade* p# 117* 1 *8* Inlhii&ions to tanners for carrying', 
#n»&b« taottog, whereby the lather 11 not only improved in its quality*, 

but*, 



but tanned in mucl; left time, nod with a fiu -Her quantity of baric, tha# in any other 
method hitherto known vr pr,tc Ukth p. uo-— r jo* 
htuvn % therflaU of thdr effluvia upon isir, p* .% 2oj* 

he h< «ha huh ot iiw u ivnauiyj:-ni u mw iy nruicdi varies! 

iii u» edWls, and very ulvftt! fWr deienm urn; <!h* pnba fun^vttkm twtweeu ailfcicni 
maveaiueh neting by levm and wlivci and j'hiiou* |n ^ 

Xm/** du: piojntmuuuhle numnri *if iulmlmaw*. ihnt *ta< flu ic ,u fne.flv, p, ^ ^ 
let/w//sr, hasopinion coiictming the omMiutiicuiiiti* c g imuhui to 1>, <j| CH< ^ 

Lewjhr t ohtlrviuionH there Mi an vdtpfb of thv nw f (m? ru rpH,* jn* mi%J Y>\( 

ferruce of the roeiidum;. of Paris and Lcicefler, p. ,o ia And of Clrccnwih and 
jLdcdler, pj 1021* 

Alt account of the advantages of a mvly-bverird machine, much varied in its 
fffi-ai, and very uii-ittl ior determining the pt-rfirfl pri-pouiu,, between ditferem move- 
able* tiding f y lever- and wine) and giui m, j j , 

Ity. T.uiutiS ley nude ft mt pigioi.S dung, r . . ,4, A mote .s.im, lev , h, nut . 
pared fimu helper pM<alli, [», 

LyJyfb'a4 imtlind oi tiling gun-powder with «. c ,,., { , 

it reipcitinj' the termii.aii.m of cowwM,, j. , , . . <fI , f(J . 

Bli.tA nHdH.dut.qUtn,; in I. „ J.qdct r hith. lmkt „ H lu ,j n 

uftmliorexperitueau, p. ton, ton A curious wyoimiciu with the b-ydn, t.’mtJe 
p. 10,3—10,5. . ■•■;.•■.■.■■« ■ 

/,./> itspowm capable of varying the hr.11 h, umm-.k p . I? , * c . (■ht/hh; „ r 

animals, with, a view to ice if they would he Minted to the „« M „ of j jfc „, iCn 
P ' ' ' 

omnlry papers relative to.III .Mt.Icm f»om light,mtj; « F«rfl rcl , ,,,, 

fiuddington » letter co.ncrrijing it, ibid* Mr. NTcUmtS utewuti of the .utuietit ». , 

7 2 \l' . ,in! "' f ‘" nwi,Wf ^ «' Shirty foroamininp 

„ ,M ik ' f « '>ithe boulc of die Hnmd <4 ( »„| naMW , 

fleet,}!, i f .ajg. Wr. W,!lu..''..ltfh-n, .t, 114rj j ' 

55 ^ rf orj "““» s - j»i.» «m, ... r j"" 

.. ::;:z 

^1 !I"7 v«-*t - • »-«.«»«>». 

p, *, t-a.,3. Oi toe mathioe. «ftd |t , charge the »ppmam t P . »«, „. " 

nmm h with obiervationi thereon, p. * u J* ,, . , 1 . S4 ‘, 1 lw 

i» **, »i.i, ,n„„' ; teg? “ P "I *■ "* ■ 

*. c, Jt „ P . "^::z^ 

cctmng 
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cerning certain atmofjAcres which bodies have round them when properly charged 
with dallic fluid, p# joy*—30*)- Mcafurmcnt*, &c. of the great a- params ami ma¬ 
chinery, \\ 311—31 A rqm.t of the Committee appointed by the Royal Society 
to coufulcr of rite moll effrftwd tm food ol teeming the powdcMnagnaioes at Pm fleet 
againll the efleft# nflightmog, p* 313—**317, 

ht+btmng* Points at the upper term mourns of conductors more ufflifl to flam* build- 
in gs ft um lightning than halls, p. 1:5 — 159. Rounded rooduClois leture luuldings 
ugumd the effects of lightning barter than pointed ot:es, p* 2.;.% &c, Pointed con- 
du3or$ recommended as them ll.t ifadual for this gurpote, p, 314—3 1 7. Farther in- 
qmrm rdpcftsng fharp and blunt couduflori 1 * f« 801—-820. H23-—855, 855—^60. 
999—101 u 

lime-water extracts the virtues of oak bark for tanning much better than plain water, 
p* 120* How to make lime-water, p* 120—125, 129* 

Limit Dr* his experiment on firing gun*powder with the Leyden phial, p„ 306* 307, 

Lingfidd* Mi ft, cured of a mufculur contru&ion by clc&ricity, p, 97* See Mafcular 

Centra ft'nm* 

Lien, Track of the fhlp Dion from England Co Davis’s Straights and Labradors, wkh 
obfervations for determining the longitude by fun and moon, and error of common 
reckoning 5 alfo the variation* of the com pals, and dip of the needle, an <>bfem«d during 
the voyage in 1776, p* 10^7* From England to Cape Farewell, ibid* From Cape 
Farewell along the weft cuaft of Greenland, p. 1059, From Mofcetto Cove* Green* 
land, to the ernl of DaviYs Streight-% p* 1061, u 6 s From DavisL Straights to the 
coaft of Labradore, p. 1063* Rematk concerning the pretended danger of voyages to 
thole parts, p. 1.06 a 

ZJ'WfM 4 the proportionable number of inhabitants that die there annually, p, 154* 

LkjL Mr* George, his journal of the quantity of ram that fell at Holme, mar Man- 
chef!cr, from 1769 to 1769; and at ikiowby, near Leeds, from 177a to 1777, p* 
571,37^ 

Lmm foil, favourable to health T p. a 18# 

Lwdrtt 9 the proportionable mimbvt of inhabitants that,die there annually, p* 154* A 
meteorological journal for shfc year 1777 kept iheic, p* $74—600* bee I a! Am 

X*m$iiU(tt of tavern! places, p* (40* 645*^654* 658* Longitude of BruiTdto, p* 

66^—660* Track of the flop hi on from Eng.ami to Davids btrdghfs and Labru** 
dfore* with obfcrvntions for determining the longitude* &t* p» 1057* bie lm* 

JUrif Rev*. Mr* Michael, his letter concerning a remarkable iutperlUlmn of fight in 
regard to colours; p* 6 nr. 

Lmmin* latitude of the Refuge *fe Vrowperg, Rue cles Dominiquaincs* at Louvain, p* 
% 64a, 643* Its longitude deduced from oblemtiofts of, Jupiter's fettdlitss, P* &44* 
^ Longitude of hmmn $ p 645—655* 


Lmikm * 
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Lu&'am, Rev. Mr. his cbftrvau'on of an celipfc of the fun June s.f, tpyS, at Lelce'ftcr, 
p. 1019. 

Lmdon. A b ft raft of a rcgiiler of the barometer, thermometer, ami run, m Lyndon in 
* Rutland, tor tin* year 1777, j». 454. ,4i the barometer, tk-t urometer, ami rain, 

for tlwt year, ibid. O Nervation*! on the weather, &e. dmm;» tint year, p. ? f-, 

Aw account of the weather in the year 17*5, p. 55 b, $ Kctmri.s ihctcoti, 557, yjg. 
Concerning the lowing oi elm* teed, [>. JJ#. 

M. 


Madridt, Mr, David, hi* Improved method of tanning father, p. t n. See Lmftr. 

M‘Uou n, his extrail of meteorological obfcrvaUmi* made at iJawkhiii, near Edinburgh, 
p, 564. Sec* Miwnhgital Offer-valiant. 

Macbitrt. Defcription of one, for determining the force of f!mt gun-powder, ami the 
velocity of cannon bails, p. $0, 57. ftefuiptwm of a niavbinc to ft :w the different 
efftets of pointi »nd baits at the upper tetniimuiuns of conducton to fivute hotifb, Ac, 
from lightning, p, 159, t$6. Expeiimems with it, Ik wing tlwt (mint:, anker the 
purpofe better ti an ball#, p. 10—159. IMttiptinn of the HiuUiiiio uU ii in new ex¬ 
periment! on the nature and oft of conduihiri, p, *47—at4. Mealuimtciits, gjc, of 
them, p. 311—313. Defifiption of thr Kiefhophmui, p. to,*;, to*B. titeat uiet 
of it, p. to.*#— iQjt. Lcflutc cowcrmiig it, p. 1041 — 104#. An account of the 
advantages of a newly invented machine much varied in its cff. £h, and very ufeJal for 
determining the perfeft propottion between different moveables ailing by iever* and 
wheel and pinion, p. 950—998, 

‘ Madmrin , his opinion concerning the laws of motion, p. |;t. Remarl;a thereon, p, 
351, 35*. $60, 3*<» 

AM’frar, iftwd of, the proportionable number of inhabitants that die there annually, 
P* *S 4 * 

Miidmfs AW, journal of a voyage to it, p, tor—(tA, 

Magtniw of powder, points at the upper terminations of cnndufW* to feme them from 
lightning, more ufeful than hath, p, 145— tji*, Rnumbd conductors ficurc ihrm 
agalnfl the of lightning better than pointed ones, p, ,4*, te lfoimed eon- 
duflorn recommendede* the moft eli£hmt fur this pt.rj.nk, p, 3,4-4, l-Wth's in* 
qoiries rrfpeffiug iharp and blunt conduflor., p, got -Wo, »*j—» S e„ tk* 5 —g{ (j> , 
999—tot*. ■ ■ , . ' 

mm, Charles Lord Vjftounf, defection of Ms moil rflMuai method of {Wring build, 
ingsagaioft lire, p, 88,. See Fin, Hit letter concerning Mr. U Cerl’a i*Hru.wrot« 
fee determining the pwfeft proportion.b«wc« diatom m«**W*«, Wto by levers and 
Wheel and jpttuon, p. 9 50, 951. 

Unit* .«ot ft long-lived *» females, p, 1 4 . 
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cnteu Uv die Bittns of Sumatra, p. 166. it>8. 

ffW^vV, the proportionable number of' inhabitant that die there annually, p. 15 j, # 
An aa-ntmt of the <\utmpuU which way felt at Manchcilcr and other places in the 
year 1777, j*. ?,zt. Sew Earthyudr, 

Mimffh'furrH the want of them In towns unfavourable to population, p, 14;, 

3 Sarrtit^ Uptifim, and burials, for forty years, in the parifii of Blond ford Forum, 
DuHirr, p, (n 5. See Jlktuiflrd Forum* 

Marfas and bo;;?*., the noxious cflvXs of their effluvia upon air, p, ?i 2 —317* 

MitfaiSy Francis cfq, his method of finding, hy the help of Sir Ifaac Newton’s binomial 

theorem, a near value of the very (lowly-con verging infinite fcries x + — + ~ + 

x % w s 

T + V + &c * when # is very nearly equal to r, p, 895—901, His method of 

extending Cardan’s rote for rcfolving one cafe of a cubick equation of this form, $fs — 
qx — r % to the other cafe of the fame equation, which it is not naturally fitted to folvc, 
and which is therefore often called the irreducible cafe, p, 902—949, 

AMjfia, Mr* Francis, his account of the ifiaadSt* Miguel, p, 6ou See $f* Miguel 
Men not fo long-lived as women, p, 144* 

Meteorological Diary, &c, kept at Fort St, George, m the Baft Indies, p, 180. ■ How the 
obfcrvatiomi were made, p. 1 So> 181, State of the thermometer within and without, 
and of the barometer, winds, and weather, for Oflober 1776, p, 182—184* For No¬ 
vember, p* 184—186, For December, p. 186—188* For January, 1777, p, 188— 
190* For February, p» 190—192* A table of difenfes during thole months, p, 193* 
Mx'fnroDgical Journal 7 cxtrafch of one for the year 1777 kept atHriftol, p, 567, State 
of the barometer for that year, ibid. An abridged table of the winds, &c. for that year, 
1% 568, Weather for that year, p* 568—570* 

Mcteorvkgkd Jmmd for the year 1777 kept at the houfe of the Royal Society, p, 574— 
(m» See Tubh$* 

MtumhgkdOlfamtkm* extras of fotne made at Ilawkhill near Edinburgh, p. 564, 
lor the year 1773, ibid. For 1774, ibid. For 1775* p, 565, Far r/76, ibid. 
Depth of rain at Bawkhiil, for the year 1776, p. 566, 

Mm eupcrimenw on fame, relative to their heat, p* 3 f, * 3 *: 

Migmmm flowery the died of their effluvia upon air, p, 203. 

MUkt* Mr* Chariot, hi* account of the bland of Sumatra, &c. p* 160* See Sumatra* 
Niimr f Rev, Mr* Iliac, his reflexions on the communication of motion by impaft and 
gravity, p* 344, See Motto* Hb obforvadons on the limits of algebraical cqua- 
* tion* ? ami,a general demonftration of Da Cartes's rale for finding their number of 
affirmative and negative roots, p. 380—388, 

Mmrdmtitm m the t&itd of Hu Miguel, an account of them, p. 605—608* 

Vot-LXVIll. 6X 
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Mint haw, the cflcft of their effluvia upon air, p. 

Mmjlun - Stagnant mol (lure a principal fource of ciiibfe, p, i jr, 13:. 

Monmal, journal of the weather tkim p. < \ r;* See //m-Ar. 
hkrttr*w$* ttfrd «n fevunttg huikliimri ogahnl lu-t% bow pirjswd. p, fbhy 
M/hvc, Ifatc of the IVurvy there, am? Nov produced* p. fbfn ^'y* Method?. o| crat¬ 
ing that dtfordcr* jn M7, Se, Sec /vomt* 

ftfvtiGft* llrflcttUm:; on the eommuoieiMion of motion by impact ami gravity, p„ j.|,|. 
Difference of opinion concct nim; the moving of Nulics p. 3} 1—447. *1 he law , by 

which motion is communicated, ami the taufe:* bom whence this diHacfxr of opi¬ 
nion arifcs, fully etmfidcreil, p< 

Hturgfi, an evil jenius <Ii catlcd hy the Ihtm in Sumatia, g, if»,\ 

Mufiukr Cw/wto, a cure 1. four by elect riciiy, p. 97— mn 
l^w» Dr. his itafimt for difitoting ficmi the report, of the committee apj’otnfal to 
confuicr of Mr. experiments \ mdtnlbg remark:. «« loroc evpvnnunna c*hi* 

hired by Mr, Nairn*, \\ 8:*!«*>6o2* 
il/W, its dlctt ttpon air* p* ael% 

N, 

Nairn) Mr* Edward* Remarks on feme experiment* exhibited h\\ jo :\Yu»- 4 ju\ Ul$ 
experimental on ekftrictty, tiring m anlrmpe to ihew the .hhaumw: r.f Dcv.ccd 
pointed conductors, p* 8 a > See 

Ntffa* The tafias of Naples fuppofed to be compofctl r,f a jw/vwDm 4 , jptrpmvd by 
volcanic fire, p* 6* 

Najbtriim hdkm> Bnwera, the died of tin it* effluvia uprm air, p* /on 
Nmlk* Remarks and ohfervatiom on the dipping-needle in a voyage to the Dull In¬ 
dies, p* 391— 418* Dip of the nmtlc 0! Dived doting u voyage from Keglami to 
ItaviVs Rirrighfe and fobridote, in p. 

MfdeMmJi, Atlmmnml obfemtious m«ik in the AMiln.au NctheiiimD in the 
years 1773, 1774, »nd 1771, *% bjy* Sen Mjhmmmd Otywtum* 

Kmttm* Sir lfiata, cimtrftirig the taw of motion, p, ^o. I In opinion «f the n?ran 
cfe«% of the earth juftifidb' p.'yfcj, 7*4, h nmhm ,I of filling, by the help of Sk 
lfe« Ntwiatft h'mmml theorem, 4 near value of the very Amply ctmvcfgmg infmw 

ftrki 4 * T* 4*;T'.^ X + when 4* U very nearly crjual w i, p. 

895*^901. 

Midf§&y Mtn fcdward, hn accooot of in iccident from llghtfiing at Purffttb p# ^3]^ , 
a ||* , Set Lfyktnim* 

1 .' i 1 1 Mirikmp^ f 0$ 
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Northampton, the proportionable number of inhabitants that die there annually, j\ ij..„ 
Nty'e-g.tys in i coins, their bad cfleft upon the air, p, 209. 


0 , 

f , tii- !'t*rh why preferable for the purpofe of tanning, p, 1 13. How prepared, ibid, 
their died' upon air, p. 20B, .109. 
how ■prepare; 1 by the tanners, p, 114. 

Cfistm^ its dll’el upon air, p. 208, 

Ordimna*, 'Hoard of, their letter to Sir John Pringle, cnclofing an account of Mr. Wil- 
fon’s experiments on the nature and ufe of condodors, addreffed to his Mojcfty, 
P* 2 i z * 

Ore* Chemical experiments and obfervations on lead ore, p« 865. See lead On* 
Oxen) experiments on lome, relative to their hear, p. 23. 


Feth dc wmJ f the proportionable number of inhabitants that die there annually, p, 154, 
Pantheon, new experiments on the nature and ufe of conductors exhibited there, 
p. 245, &c. ' 

Papers* Sundry papers relating to an accident from lightning at Purfleet, p* 232. 
See Lightning « 

Paris* Difference of the meridians of Paris and Lekclicr, p. 1020# And of Paris 
and Greenwich, p. iq20 9 1021* 

Par/ity /eaves t the effect of their effluvia upon air, p„ 202. 

Partington, Mr, Miles, his account of a cure of a mufcular contradion by eledricity, 
p, 97— JOt* 

Pearl 3 )wmml, a remarkable large done near Cape Town fo called, p* 103. Ddcrip* 
tioit of if, p. 103—105. 

Pem/uhms of clocks, glafu a ufdul fubfiancc for them, p, 446*—452* 477, 476. 

JV/w, experiments on a live md dead one, relative to heat and cold, p. 

Peppermint leaves, the died of their effluvia upon air, p. 302. , 

Pkyfmi miafweu An e/fay on pyiomr.try and aremnetry, and on .physical meafoies in 
general, p* 419. Hce Pynmttry and Ammtry* 

Pkbr/gilh Mr. Richard, Ida account of the /track of the Http Lion from England to 
Itavta’a Straights and L&bradore* with obfervations for determining the longitude by 
fun and moon, and error of .common reckoning 5 alfo the variation of the compafs, 
amt dip of the needle, as obferved during the voyage in 1776, p, 1057* See Um* 
PigmO dmgj tanners ley wade from k* p* 114. 

Nath acid, cfq. his agronomical obfervations made in the Auftrian Netherlands 
sit the years 1773, 1774, and 17751 P* 6 37 * See Aj/rwmml Objirmtms* 

(s % z, 


Pinion* 
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Pinion, Account of die advantages of a newly-invented machine much varied in 
its effe£ls, and very ufffui for determining the perfed proportion between different: 
moveables atfting by levers, and wheel, and pinion, p. 950—998. 

Pi/d loaded with inflammable air, tired hy a very moderate eje&rJcal fpark, p. 1025, 
1026. 

Planets* concerning their mean denfMer, p* 7S4. 

P/atth A description of /A phnt tf Pmfawv, p. 178. 

Pte/j have a different propo ty in them in their growing and gathered luhm, p, -op, 
210# 

Plujhr 11 fed in fecuring buildings again?! fire, how prepared, p. 887, 888, 

Pkyfuir , Kev, Mr. John, on the arithmetic of impoilible quantities, p, 318 — 343. 

at the upper terminations of condu&ors to fecurc houfes, See, fiom lightning, 
more u&ful than balls, p. 155*—159. Rounded conductors fecurc buildings again!! 
the effects of lightning better than pointed ones, p. 245, &c. Pointed cond uAen 
recommended as the moff efil&ual for this purpnfe, p* 3x4 — 5 17* Inquiry whether 
fharp or blunt conductors are the fitted to prefer ve buildings from lightning* 
p. 801—820* 'Experiments on ekftneuy, being an attempt to flew the advantage 
of elevated pointed ccmdudors, p, 823—*8$v Remarks on Mr, W’Hfmds experi¬ 
ments on the nature ami ufe of conductors, p* 85^—860* New experiment a 0 a the 
Leyden ph’ud rcfpc&hig the termination of p, 999—>un 1. 

PdMll % Nathaniel, clip his letter on Mr* Dcbnuvk impiovcwcnts in the culture of 
bees, p. 107—-no* 

Polygamy allowed among the Buttas In Sumatra, p* *66, They purchafc their wives, 
and all live in the’fame houfe, p, 16 A 167* See Sumatra* 

Population* Obfervationa on the population ami difcafca of Chcllcr in the year 1774* 
p, 731. See Chefltr*> 

Pent# dd Guda, a city in the iilam! of St. Miguel, fame account of it, and of the 
country round it, p* 60r, $03* 

Powder, magazines of, concerning fecuring them from lightning* p* if 7— 1$9* See 
Mggazim* 

' Primn/t* Tree pfimrofe'flowers, their cflWi upon air, p* 

Pritt$it f Sir John, his remark for avoiding dii'eafet in cantonment 1 hi marftty gtmndn^ 
P* 317, 

Fri/mm killed and eaten by the BntUv in Sumatra* p* 

Prhfj 9 experiment! m air taken from within one* p* aor. 

Propagatin'ot (pedes, require* the grtatefli powers of heat an animal can exert# p* 31# 

Proportion Cmfmju Account of the advantages of a newly-invented machine much 
varied in its, ef&fta, and very ufefitl for determining the perfect proportion between 
different moveables afllng by levers, and wheel, ,ind pinion, p, 950^998* 

Fukm$y % Dr. Richard, ■ hit account of bapAifau, mar.rfag*i». and burial*, during forty: 

■ :mH ln -of B tmifmi Forum# Botfet, $** 6< j* ^ See Blmd/mi fmum r 
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Purjhu. Sundry papers relative to an accident from lightning at Purllect, p. s j». 
See / '.i^btmng. 

Pusrrj'dUitm a principal fourefi of difeal'c, p. 131, 

Pyrsmtry and Jnvmt>y, An effay on pyrometry and arcometry, and on phyfical mea¬ 
sure.; in general, p, 419. Concerning the meafure of the expansion of folids hy 
Iterif, p. ,319—454. Principle on which is founded the comparative meafure of the 
expan lion of bodies hy heat, j». 324-45.8. Ddcription of an inllrament intended 
to find out the comparative expauftbiliues of bodies hy heat, p. 428,—434. Ap¬ 
plication of the method of finding the proportions between the expan Abilities of 
different matters by heat,—Determination of the relative expanfibilitics of brafs and 
glttfs, 31. 43.3—468. Effay upon the meafure of the abfolute expanlion of bodies by 
heat, p. 469—4S2. Obfervations upon phyfical meafurcs, p, 483—493. A practi¬ 
cal method of approximation in the determination of the co-effe&s of the fame 
caufea, p. 494—508. Project of a comparable areometer, p. 509—528. Concle- 
fiott with refpeft to phyfical meafurcs in general, p. 528—53.6, Explanation of the 
figures in the above eilay, p. 546—553. 

Q: 

not fo warm as fowls by fame degrees, p« 23—25. 

fW.'tiw. On the arithmetic of impoffible quantities, p. 318—343. 

iguany. An account of the quarry at Unkle, p. 4, 5.. Great quantities of bafaltic 
columns brought from thence, p. 2, 3. The court of the palace of the eleftor- 
palatine at Duil'eldmfF paved with a lava brought from thence, p. 2. 

<JW;, a common drink in Rullia, how prepared, p. J627, 628. Their manner of mak¬ 
ing a better fort, p. 628, 629. Remarks 011 it, p, 629, {>30. 

S>jn\-i/i'-ver f concerning its expanfion in meafuring heights with the barometer, p, 682, 
683. 


R. 

Rabhity experiments on one relative to in heat, p. 23. Frccwng the cars of rabbits 
with a view to fee if they would be reftored to the aftiotu of life when thawed, 

p» 34 * 35 * 

B&djai, freemen of the CafEa country in Sumatra, an account of their burial?, p. iCy. 
168. 

Main, abllraft of the barometer, thermometer, and rain, at Lyndon in Rutland, for the 
year 1777, p, 554. See Lyn.hu. Depth of rain at Hawkhill near Edinburgh, 
for the year 1776, p. 56b. Journal of the quantity of rain that fell at 
Holme near Manchdkr from 1765 to 1769; and at Barowby near Leeds fi«r. 
1772 to 1777, p. 571,572. Slate of the rain for each month of the vear 1777 
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in London, p. 574—597* Tlic q uanti! y «diich fell there In each m « and In the 

whole year, p. 598. 

Raa, and all forts of wild animals, eaten by the llattns of Sumatra, p. if 8. 

Meeds, (bamboo), houfes built with them in the ilhnd of Sumatra, p. t(>.\ 1" w 

foweof the inhabitants write with them, p. if*|. IHi'vl in their- J'-v.tiSwl.ins, p • 5, 

1 66. 

fajhsrt Jfi t'rtmffr)?, Rue ties Poni*m*|iUiiiU’; ul m latitude, p. 6 42, 64 j, 

hn hniftkmlc deduced from obfervations of Jnpheih; Sau liken, \\ o \ 1. 

Rtpmin* Oil the autifcpiic regimen of the natives of Ruflki, p, 6 :,u See shti/ptic 
Regittutt* 

Report* Reafomt for dif&iuing from the report of *Kc c to mu tee appointed to eonfiuer 
of Mr, WiHutfs CttjKriuitfnte ; including remark;- nj< ibme mjx-rimenu exhibited hy 
- Mr, Nairne, p. 8ot—8*e. 

RHm f Sir William Hamilton** account of certain tracer; of vojcawv. nit hr* banks \\ ■*« 
See Fnkamu 

Rlbttra Gum tit ^ a town in the ifland of St. Migm*U fume aeromit oi it, g, boj. 

Kobixt, Mr. concerning hh mw principles of gunnery, p, 50—>*. 

Roman RmuIs) fuppofed to have been paved with Java from Vdovins ami the volcano,:; 
near Naples, p. 4. 

Rmtf the proportionable number of inhabitants that die there annually, p. 1 <; p 

fame, fin all ones unwholefome in difeafes, p* 1 b\h 200. ?p.| t 20^, Bad <, fldR of 

nofe-gays in rooms* p. 20-9, 

William, his meteorological diary* ki\ kept at Fort St. Gcntpe in the 
Raft Indies, p, 180, See Diary* 

R<y f Colonel, companion between his and Sir George Shuckiutrgh’ft rules for the 
mcafurement of 1 heights with the barometer* p, frUi* See fummtMr* 

Rojai tiocittj* 'The reports of the committee appointed by the Royal Society fb r ex¬ 
amining the died of lightning May t{, *777* on the parapet nail of the Itmifc of 
the Board, of Ordnance u fur fleet, $». zjU* 313^317, Sec A menu 

nro]ogic«I journal for tlic year 1777, kept at their iioufri |H 574—6^. her iaii<u 
ijmfst a common, drink In how, prepared, p. 6art, Their tmumn of 
rnnking a better fort of h, p, 6 i 9 , 639* Remarks on k % p, 6jo, <i j t * 

Mo/m on thi* amiibpuY regimen of the natives of, p> fua. Bet? 

Mafias abtlrael of .11 rc|Bler of the biimmetery. thermometer) and rain, m l*fwUm in 

'"Rutland,'for-the year 1777, p, 554, See 
Rpi 4 rm^ how made in lluffia* p* 630, 631. 
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Sajfrwh its cffuft upon air, p* 308. 

Sttge havts, the efieft of their dfluvkt upon air, p# to?, top 
SflgQ'trcii lioufes m Sumatra thatched with its leaves, p. 162, 

SaUthttj, extraordinary at Blamlfiml Forum, Doric t, enquiry concerning ir, p* 61 $ — 

<)?!# 

SmsJjkd, Mailer, his fquinttng cafe, p. So. Sec Squinting* 

SmdyfiH, favourable to health, p. 218. 

Baundm, Dr* his letter concerning a journal of the weather at Montreal, p. 5159, 
SthehtilUen* An account of the calculations made from the furvey and meafures taken 
at Schehallien, in order to afeertaia the mean denfity of the earth, p. 689* See 
Earth* 

Sdq/ii, a foup in Mofcow fo called, how prepared, p, 666, 667. Good again ft the 
Scurvy, ibid. 

‘Wf, Mr* j. Ins account of a Bmulydmpcrfcftion of fight la regard to colours, p. 

61 z*—<61:4« 

Scurvy. Obfemtions on the feurvy, p. 66 x. How introduced into the blood, p. 662* 
But one fort of feurvy, p. 662, (>6p How to cor,reft this diforder 'by food r p* 66p 
The ulc of four krout a good method, p* 66j, 664* All vegetables in their raw 
flute more antifeorbuiic than when boiled, p. 664, 665* State of the feurvy at 
Motion-, and how produced, p, 666, 667. Great ufe of raw greens correfts the 
difooler among; their common people, p. 667, 66S. Particular account of the pro- 
grdl of the feurvy in the Foundling Hofpital there, p, 669 — 672. Method of 

on ling them by boiled vegetables, p* 672—674. A more violent feurvy among 
the children, p* 674, 67 tg Cured by their eating raw vegetables, frc. p, 675;— 
677. Farther cure** by the fame means, p. 677* How far the foregoing methods 
of cure may be ufcful in fra voyages, p, 678—680* 

not amarine production, p* 178, 179, ' Where It grows, p. 179* 

Sinfin, Hate of it preceding the earthquakes of 1749, 17$0, p. aa8* State of it pre¬ 
ceding the earthquake at Manchelter, &c* *777, p. 228—241. 

r. Haw far the methods of'curing the feurvy in Mofcow may be ufefu! In 

Tea voyage#, p# 678—680# 

Smring* Of the inter**fecuring ufrd in defending buildings againll fire, p* B91, 

$tt <4 Concerning the lowing of dm feed, p* $58* 

frit* Cidmhst a valley in the tfland of St. Migud, iomc account of k, p« 60S, 6uq. 
ttjmrk* An account of the blue flwrk, p* 789, 790* 

Shot* The force of fired gun-powder, and die initial velocities of cawvm ball,?, dcu*r* 
mined by experiments; from which is at Co deduced the relation of the initial velocity 
to the weight of the I hot artel the quantity of powder, p» 50* See Gm-fo-nd r* 
Shrtwtflwy, tic proportionable number of inhabitants that die there annually, p, rq. 

Shncd'a\y\ 
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S butklurpb, Sir George, coruparifon between his and Colonel Roy’s mb f.a- 

furenmu of heights with the barometer, p. fe’i* See Rmmwr. * 

cometnin? «>' P- f * r " r! «* K, ‘ v * U% ‘ ^ 

'a remathabk im|icrfc<U.«i of light is* regard to f’lourt, p. fn t . A tar »i* : r, 

p. 6r2—614. 

IHmu rjlfo* r-f Sumatra, a th-fr rtpii«» >*f »r, p. 17c. 

S,'in of the dug lilh, very u ft! u I in id.-an tint; rlr’lrk >1 ‘huh" , p. ftf.?, ‘ o •« 

W>w, fatal in early infamy, p. 1 j:. Thu <•;>»» ulmis! <•••*’7 »i the ntm.nl 
fin all pox in Chdfer in the ;«\u 177.1, p. Mb *4 *»* 1 ! ,’• 1 '• ' -1 !*y the 

i'mall p't da ring the feme tea-, ]'■ «;o» 1 V.tth. Siy the bin- «!• " h r uadi r >mc 

jc,if ol 1 in lit* faitte year* ibid* Gcoeivii Iwt'c nt tnc !**'«*•• t u tiling teas 

year, p. ija# 

$ me lh. Volatile .tle.di the moil nfi fit! to obviate !u-< ! fiw lit, p. ! • >■ 

Snail, experiment on one relative to it • l«e:r, p, aft* V* hy funds lire utukt large ltone* 

ami in holt-, i" the wiiiiet, p. . j. 

Smv krt-pi the caul, warm, p. jj. Snow one of ih* <'’feu. W:, t>l ht'»t. 


p, 33, ", 

S 0 n,. Experiments on the eftefts of the effluvia from moiil, marihy, ami other kinds 
of foils upon air, p, iio-siyfe,: bfe ] 

Salm’s, Concerning the meafure of the cKpanfion of Cilitia ; hy heat, p, 419—$53. 

Sombrero. A defeription of tbt <iwnierpdphut tf Smbtem, p, tyP. 

Souring prepared from flrong fpirit of vitriol the licit f.<r wonrrt, •». t 7, s :6. ! fmv 

to prepare it, p, t iG. 

Sour-horn, very ufrful in the cure of the fenny, p. Ac, 

Spirit of wirkt, the be ft fou ring for tanners made limn if, p. 1 ’ ,, 1 if*. How to 

prepare it, p. tab. 

Springs, hot miti cokf, in the valley of Furnas, an account of them, p, ft®.}—fey, 
i'cr/mis rami >■( vimlrnt difordejj by the In water., p, my, huH, 

Squinting, A new cafe in fijitinlutg, p. 8ft, A lad’s patikuUr method »>! virwim* <»h- 
jefts, p, 86,8?. Hi* %i 4 fttipg rrceafinned by had habit, p, 87, 8H, JMotlmil «.>l 
cure, p, 88—90. (/>, fujtiltutng perftm* have one eye much left p.-rlft t titan the 
other, p, tjti, lime they may he cured, ibid. Covering * weak eye gait-rally the 
a»fr of ftjuituing, ibid. Concerning the organ of vifioa, p, y 1 - 9 j, Ci'mjci hires 
relating to the above unufual mode of {quinting, p. 94—9(1. 

St. Miguel, the iflarnl, ;m account of it, j>. Got. Its pruduftimitt of it nearer affinity 
to Europe than Africa, p. 601,60*, it* fine, p, 6 oj» An account of Foma del 
Quda its capital, p. 60*, 603. Country round it fertile and well cultivated, p. fej. 
Some account of Ribclra Grande, ibid. Of Villa Franca, p. 603, £<04. Of the 
Partial, and its hot and cold fpringi, p. 604—607, Pcrfeni cured of virulent dif« 
: erderi by thefe w»wr»* p. 6oy» 6o8« Some account of Sew Cidadci, p, 608, 609, 

Stei* 
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Stdt* Dmcrel, in Devon flrire, the proportionable number of inhabitants that die there 
in one year, \\ 154. 

an account of a very large one. near Cape Town* p. 1012—106* 

67 m 0, keeping them clean greatly contributes to the health of the inhabitants, p* 21 j, 

67 m*//, one of the Seven* bergen, computed of volcanic Jubilances, p. 3, 

OV/Ar/Vr, Dr, his account of the Hate of the atniofphere and ieafou preceding the earth¬ 
quake of 1749, 1 /$0, p. 2? 8. 

Sulphur, great quantities contained in lead ore, p. 868—S79. Profitable hint to the 
lead fmelters concerning Having it, p. 874, 875. 

Sumatra. An account of the ifland of Sumatra, &c. p« 160. Situation of Fort Mai- 
bro’, p. 161, x6z. Defer! ption of the houfes there, p. 162* Of the climate, p. 162, 
163* Some account of the inhabitants, p* 163, 164* Several volcanos on the 
ifland, ibid* An account of the inhabitants of the Gallia country, p. 165. Their 
religions notions, ibid* Their government, ibid. Method of fortifying their vil¬ 
lages, p. 165, 166. Manner of fighting, p. r06. They kill and eat their prifoners# 
ibid. Polygamy allowed among them, p. i 65 * Their wives purchafed, and all live 
in the fame houfc, p. 166, j 67. Their marriage ceremony, p. 366* They may after¬ 
wards part, ibid. Adultery in the man puniilxed with death, and the olFended party 
and his friends eat the body, ibid. Adultery in the woman reduces her to a Have 
to her hulhand, and flu; is rendered infamous, p* 167. Death, and the body eaten 
the pumflxment for public theft, ibid* Unmarried women diflinguifhed by their 
drc&, ibid, Dead bodies of their radjas not buried for months after their deceafe, 
ibid. Great ceremonies at their funerals, p* 167, 168. Their animal food, p. x68 # 
Ddeription of the Caflia tree, p, 169* Some account of the camphire tree, ibid. 
Native camphire adulterated by the Clunefe* ibid. Ddeription of the Simla gibbon 
of Sumatra, p. 170* Tigers frequently deflroy the people here, p* 171. Why the 
people will not kill tigers, ibid* They have ants of various kinds, ibid* A 
ftraumi of foffil fhclls discovered, ibid* Some account of the ifland and inhabitants 
of Kngunho# p, 171 — 177. Dcfcription of the latm+Imt* or the mouthful plant 0/ 
Iwmhrrro, p, 4 78. The fca cocoa-nut not a marine produdion, p* 178, 179, Where 
it grows, p, 179- 

Sun, BcJipfc of June 24, *778, obfervations on it, p* 1013# *014. The fame ob* 
ferved tit Lekefter, j». 1019—1:035 f. 

Swift, Mr. William# his account of fame cleaned experiments, p* *S5» See 

JLxpmmmiu 
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T. 

Tables. > ... 

Experiments on trrei refpefltn;.; their temperature, comparatively with that of the 

aunofphorc, in ditfonmi degrees of heat, p. ,1(1—48. 

Experiments on the three of tired gun-powder, ami the initial velocities of cannon 
balls; front which is deduct’d the relation of the initial velocity to the weight of 
the flint and the quantity of powder, p. ft”. 7.:,). 76, 77 • «<• 

Obfervations on the population and difeafes ot Che tier in the year 1774. Death:;, 
age;, and conditions, p. 147. Difenles, p. 148. Total of deaths, p. 150. 
Deaths by (mall-pox, ibid. Deaths by the im.dl-pux under one year old, ibid. 
State of population, (mall pox, and fevers, p. 15s. Gm1cr.1l bill of tin- fevrial 
jKtriflics I.n- ten year , from 1764 to t??j, p. tp, Gen ere! bill for the year 
1774, ibid. The numbers that die annual!} in tire fever,d pjiilhc«, taken up m 
an average ol ten ycuts, Iroot ;ns year t*t»j to 177p« • (),» 1 he ptopur* 

lion,1I1I-: number of mhabiurf. that du*amtuidiy hi v.;ri nr, j' p. 1^4. 

State of the thermometer within and without, and <u the barometer, wind’., ami 
weather, at Fort St. George, in the Kail Indies, in October tyyb, p. tSir—184. 
In November, p. 184—tfo*>. In December, p. in January 1*777, P* 

188—190. In February, p. 193—19;. Dilcrtfea there during tin, le tumults, 

P- ><}:>• 

Journal of a voyage to the Eaft indies, in the year 177?, p, 489, !'x|d,matinn of 
the columns, p. 389, 390. I’anUulats of the toy age to the Cape of Good 
Hope, p. 391—404. To Madraf* Rond, p. 40 41 j, Errata and addenda in 

the journal, p. 41$, 4J& Rcgiltcr of the dip in the Swallow Hoop of war, p. 
417, 418, Aftronotnical obfervations in the Swallow, p. 418. 

Abftrait of a regifter of the barometer, thermometer, ami rain, at I.yudor, in 
Rutland, for the year 1/77, p. <G> 

Journal of the weather at Montreal for Deremfccr 177b, p. ckt. For January 
1777, p, j6t. Du February, p. C*’* For March, p, yftj, 

Extntft of meteorological obfervations made at Hawkhitl, near Edinburgh, for the 
years 177.;, 1774. » 77 S* »??<**• P> S f M- 
Depth of lain at Ifawkhill, near fidinbutgh, for the y«r t ;fo«, p, <,tC. 

Extract of a meteorological journal for the year 1777, kept at Utrillo), p. 5(7. 

An abridged table of the wind , he, fur the year 1 777, ,u Riilfol, p. jt,b, 
journal of the quantity of rata that fell at Holme, near Manehellcr, from 1 yf>j to 
n f-9, p, ;} 1 . 

Journal of the quantity of rain that fell at Rarowby, tic.>r I wed . fiotti 1773 to 
■ 777 ,p.S? J * 

7 Mcuorologtea 
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Meteorological journal for the year ty 77, kept at the hoofe of the Royal Society* 
p. 5’/3# State of the thermometer within and without, and the barometer, rain* 
whuL, and weather, for January, p, 574, 475* For Pel?rnary, j\ ^7, 

For March, p. 578, 579. For April, p. 580, 581, For May, p. 58^, 583* 

F'or June, j;u 584, 585. For July, p. 586, 587* For AuguIR p* 580, 589, 

For September, p. 590, 59 u For O&ober, p. 592, 595* For November, p. 

59«1» 59>F For December, p. 596, 597, Create!!, leak, and mean height of 
the thermometer within and without, and of the barometer, with the quantity 
of rain, in each month throughout the year, p. 598. Variation-needle, p. 599, 
Dipping-needle, p* 600* 

Table of the baptifms, marriages, and burials, during forty years, at Rlandford 
Forum, Dorfet, p, 618. 

Total of each during that period, p* 619* 

Annual average of baptifms and burials in the four decimal periods of the fore¬ 
going table, p. 620* 

The whole number of burials in each month, and each quarter of the year col- 
le&ivdy, during the whole of the above period, p. 6 ax* 

Longitude of fevcral places, p. 640* 645—634* 656—658* 

Latitude of the Refuge do Vrowperg, Rue des Dominiquaines at Louvain, p. 64£. 
Its longitude deduced from obfervations of Jupiter’s fatellkes, p* 644* 

Companion between Sir George Shuckburgh and Colonel Roy’s rules for the 
meafurement of heights with the barometer, p* 684, .685* A new rule for re¬ 
ducing the obfervations, p. 688. 

Calculations made from the furvey and meafurcs taken at Schehallien, in order to 
;ifeertain the mean denfity of the earth, p. 692—701. 703. 707, 708. 714* 
716* 7*0. yaa, 724* 7.26—746. 759—765. 769—776. 

Concerning the advantages of a new 4 nv.cnted machine for determining the perfed 
proportion between diftcrent moveables a&ing by levers and wheel ami pinion, 
p# 994—098. 

New experiments cm the Leyden phial, rcfpccting the different cfletfb of pointed 
and fphcncat terminations to conductor?, p* 1007—-ion* 

Obfowaiiofw m the Tolar edipfe June 24, 1778, p* tot 5—-tciB. 101.9, 1020# 

Track of die iltip t .ioin from Knglansl to Davit’s Sswights and'Labrador©, ■ with 
©bfervations for determining the longitude by fun anil moon, and error of 
common reckoning; alfo the variation of the conipafs* and dip of the needle, 
»s obferved timing the voyage, in 1776, p. 1017* From England to Cape 
Farewell, ibid. From Cape Farewell along the weft coaft of Greenland, 1059. 
From Mofketto Cove, Greenland, to the end of Davis’* Streight*, 1061, 1063. 
From Davis’* Streights to the coaft of Labradorc, to< 5 > 

6 Y : 




f *°9 6 3 

Tails of Mi frozen, with a view to fee If they would he reitercd to the aftions of life 
when thawed, p. 37, 38* 

Tmmrs, ioilruftiohs to than, for carrying on a new- method of tanning, p* iuo, See 
leather* 

Tanning leather, an improved method of fining It, p. fit* See / eaTn\ 

Tartahh hi# opinion concerning the enmrmmicomg of motion to Kdd , j\ w ;u 
Tmb, experiment on one relative to its heat, p* ?y, Kvpmimcut on a !Ivu * and dead 
tench, to determine whether life had a power of refilling heat and cold, p, ? ‘A 
Tail of a tench frozen with a view to kc if it would be rdtnred to the aelions of life 
when thawed, p# 37, 38. 

T t ;n~*wtekJlodh dower*’, the cHeft of flu ir effluvia upon stir* p. zo \ :cj* 
fA/L how pumfhed among the Batra.i of Sumatra, p. 1^7- 

f-htmom&kr? deferipfion of a fmall otm on a now mrihmrimf, p 7, fb A bio \d of a 
regiftcrof the barometer, thermometer, am} rain,at Lyndon in Borland, for the \nr 
* 77 ?» P* SS4* bee TynJw* State of it within air! \s hhmit, at J’Wt A tieoige in 
the Kail Indies, during the months of Qibiiwf* November, December, t ;;yfo p* r>A 
~i88* And for the months of Jinunry and February ?**:;%, j», i mu* of 

It within and without; In London 1 for each month throughout the year 1777, p, 574..-*, 
597, (Iron tell, !aifl f and mam height of It in each mouth, j% yh 
Tlfjme lwuts t tlm die a of ihejr effluvia; tt{:rorv.air $ -p* ;. ' ' ■.' ■■■'• 

Tigm $ the Battas of Sumatra fuppole them animated I y the fouh of their anrefom* p* 
371. The tigers frequently dellroy then? people, iM 4 « 

Toads* why they burrow and live under large Ifone# in the winter, f\ 3 73* 

Tongue, experiment* on Us hear, p. n * f - ■" 7 ‘ 

Tm'tr <f Bafal) a remarkable large ihm mm Cape Town fa called* p, 1*, 3, I,h> 
feriptmn of It, p* ioj-^ioy 

Ttatkinfito, one of the Snvcn*hctg€fl t compofed of volcanic fithfijMce*, p, p 
fwi, A <kfaiprmn of the caffia tree, fn tCu> Some aumtut of the camphor free, 
Ibid. The died of the elkwh of tier primrofr fanvru opmi air, p» rnw, fdp» 
rime&ta on feme trm refjkrfling their temperature fomparaitccly will* that of the 
mmofphcrc in different fcAfons, 40 ,\t~- 48, 

‘A'fA ufed in fhr walfji of undent buildings its CW«£i»e, p, j. A haul vrdonk lit fat 
ufed for hit tiding in the town of L/mu, ja u High rm 41 r.f it <m rads hdv of sfm 
Blunc, p. j. 44 Vafl c|mumi?e.'< of t« a? Amfctmidu p* 3* It prmliiics 4 amid 
dembie trade hctwtn that town itid f Miami, *». ft. Tht uTm at Naples fraydrij 
^ ^ to he compofed of a piw,f>Iam% prepared by vtfaume far, IW b 
Tkrkj, 111 account oft moll dreidfo! putrid fever among them at Marti* unfed by * 

the Arabs, j>, a 11 # 

IL 
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I r ktark„f?v'wm § the died of their effluvia upon air, p» 202, 203* 
lfade* The court of the palace of the t k^tor-palatine of D u Abide rfF paved with a lava 
from Unkk% \\ 2* Great quantities of bafaluc columns brought from thence, p* 
a,, > An account of the quarry there, p* 3, 4* 

U n't fa a* experiments on it, relative to heat and cold, p* 13* Kxperiments on a living 
;md dead peak, p. 13 —17* 

V* 

Perth experiments on the efftfts of its cfHuvia upon air, p. coo, nor, 

Pqu'tahieu Of the heat, &c. of animals ami vegetables, p. 7# Vegetables of every 
count*y are aiFo&cd if the fcafon be more than ordinarily cold, and feme more than 
others, p, 39. Trees from wanner climates fome times killed with the cold, p. 39, 
40. Experiments upon vegetables rcfpefti&g their temperature comparatively with 
that of the mmofphcre in diHorent fenfons, p, 41—48. 

Ft^eidk^ their great ufc in curing the (curvy, p, 663, &rc« More antifcorbutic in 
their raw Hate than when boiled, p. 664, Sec, See Scurvy, 
ratable effluvia, experiments to difeover their effefts upon air, p* 20r~-203. 

/ "d'ufy* The force of Fred gun* powder, and the initial velocities of cannon balls, de¬ 
termined by experiments; from which is alfo deduced the relation of the initial ve¬ 
locity to the weight of the (hot and the quantity of powder, p, $0. Bee Gunpowder. 
VejWmu The lava from Vcfuvius and the volcanos near Naples fuppofed to have been 
yfed for paving the great Roman roads, p« 4. 

Vienna^ the proportionable number of inhabitants that die there annually, p. 154* 

Villa PnmMj a town in the ifland of St. Miguel, feme account of it, p. 603, 604, 

F-pcty experiments on one, relative to its heat, p, zy 37* 

Vijmy concerning its organ, p* 91—94. 

Hi.faL Mite belt touring for tanners made from the ilrcrag fpirifc of vitriol, p. rzfa 
1 1 low to prepare if, p, ) 26* 

Ifaia:m.-u Sir William Hamiium*# account of certain traces of volcanos on the banks 
of the Rhine, p* 1* Use court of the palace of the cU^lor-jmlatine at DufftrldorfF 
paved with a lava brought from Unkle, p< t* Numberlefs bafahic columns in the 
walls of the town of Cologne, brought from Unklc, and ufed as polls in the flreets, 
pfflL The walls of its undent: buildings arc of a tuffa rctobling that of Naples, 
ibid. Many columns of ba&ltcs in the walls and Arms of Bonn, p, $, (u The town 
paved with lava, ibid. The Hone iifed here for building, is a hard volcanic mile, 
ibid* Wclkcsibcrg, Trackenfidw, and Stromberg* threee of the Seven-bergen, com- 
poffld of volcanic fublUnccs, ibid* High rocks of lava or tufla on each Me of the 
Rhine, p, j, 4. An account' of the quarry at Unkle, p« 41 £< Vail quantities of 

tufla 
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tufla at Antlcrnach, p. ?* It produces a confidkrablc trade between this town a<ul 
Holland, p. 6* The tuffaa of’ Naples fuppofed to be computed of a puzfcolanc, pre¬ 
pared by volcanic firc f ibid* , 

Sal Arnmnim-, it*, etffft upon air, p, *ofi. 

FA.itde alatli, (lie moil ufd'ul w obviate bad fmclls, p. 209, 

<over,il in the iiktnd nfSiimutr.i. p. t(>.U '<’1* 

p^l /a> Mr. concerning Ida Kle&rmihtmu, p, to?y. See iwV.?r,!/W«. 

r.-jagt to the Kail indie,', in the year *775* a journal of it, p. (A. flee 

\V. 

Wales, Mr. William, his obfervatiems on the folar edipfe June 24, tjyfi, p, tot j— 
totS, 

Walnut-tree, experiments on one, refpcftitig its temperature comparatively with that 
of the atmofphcrc, p. 41—41*. 

Wallis, l)r. his opinion concerning the communicating of motion »<> bndiei, p. 7 jft. 

Watch-making. Account of a very ufcful machine (or determining the pet foil propor¬ 
tion between different moveables aQing by levers, and wheel, ,md pinion, p. yp 

— 99 8 - 

Water. Stagnant water frequently the caufV of difeafe, p. tjji — t,j». KvpCtiincnts 
on the purenefsof the air over waters, p. sit. Water eorretf h and purities air 
rendered noxious by refpiration nnti putrcf.tftion, p. 141. An account «f the m*. 
neral waters in the iflattd of St. Miguel, p, boj—608. 

Uat/on, Dr. Richard, bis chemical experiments and ubfcrvatioiit on lead toe, p, S6j. 
See / ead (h /. 

mtfti+Tk. William, his account of it bluc ftarfc, p, '?».<, f$Q, 

Wattle and comb of a cock ftemi, wiilt * view to fee it they would be rdUired to the 
tiClioiis of lilt wD-it thawed, p. jh. 

(Prather. .State nl it at Dot St* Georg**, in the Fait Indin, dtiling the month* ri O.'Im 
her, November, and December, in dm year r/jn, p. DD-tHd, Ami Ini I-imtu' 
and February, 1777, jt. *88— tyn State of it before the r.mhipialu* »t r. , 

p. s»8. Slateof It before the wnhfjtmltc at Msnchrllrt, M.\ 1777, p, 
Obfetvatiiui'i mi the weather, Ac. during the year *777, at Lcwbot m Ibsd.rnf, p. 
f?5. 54<>. An ;ict<unu ui die tvcohcf tbi re Ht ;hr tear » I j 7, j>. . . IJrm.tii, 

then on, p ?<;7, 458. journal of the weather « Montreal, p, 4 <>. Di. h .under*.'-, 
letter concerning it, ibid. State of the weather for December. 177% p. 40,3, 
January, 1777, p. 46*. For February 1777, p. 56s, F-n Match, r/77, p, 46 j. 
Weather for.the year *777, at Brito, p, $68—5-0. .State of the wtuthn in I.*m. 

.dew far each month throughout the year, 1777, p, 574—597. 


ft h*L 
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WbnU Account of a newly-invented and very ufeful machine for determining she 
perfect proportion between different moveables a&ing by levers, and wheel and 
pinion. p. 950—998. 

If Mt<*n lb** W. hh; experiments upon air, and the die els of different kinds of eiikma 
upon it, ma*h* at Vork, p* i 94. See 

J 77 //*’v, Mr* Ucrjaumi, his dincut from the report of the committee, appointed by the 
Ropl Society, for ex,.mining the died of lightning upon the parapet-wall of the 
lunik* of the Board of Ordnance at Puj licet, p. 239—exp. An iu count of his expe¬ 
riments on the nature and ufe of conductors, addrdlld to his Majdly, p. 245, ike. 
See Dr* Mufgratc’i. reafons for diffenung from the report of the com¬ 

mittee appointed to confuler of Mr. Wilfoifs experiments j including remarks on 
fame expeiimaits exhibited by Mr. Nairnc, p. Sot—S22. Remarks on Mr* Wil- 
fotfs new experiments and observations on the nature and ufe of conditions, p. 

860. Mr. WilTon’s new experiments on the Leyden phial, rcfpcdling the termi¬ 
nation of conductors, p. 999. See Cmluflors. 

Ifmdh State of them at Fort Sr. George, in the Eaft Indies, during the months of 
Odober, November, and December, 1776, p. 182.—188. And in January and 
February 1777, p. 188—192. An abridged table of the winds, &e. at Brillol, for 
the year 1777, P* S&8. State of the winds in London for each month throughout 
the year 177y, p* 574—597. 

IFuzrsj a plurality of them allowed among the Bnttas in Sumatra, p. iG 6 » Furchufed' 
by the lntlband* and all live in the fame howfe, p, 166, 167* See Sumatra . 

PFokkenkrgv one of the Seven*bergen, compofed of volcanic fubllances, p. 3* 

Wvimn live longer than men in Chcftcr, p. 144. Ghefter peculiarly favourable to their- 
conilitution, ibid. How the unmarried women are ditlinguifhcd by their drefs 
among the Battas in Sumatra, p* 169. 

Itkrmu Earth-worms frozen, with a view to fee if they* would be rcfl'ored to the adions 
oHtfc when thawed, p. 38. 

//Vrw, Ids opinion concerning the communicating of motion to bodies, p* 346. 

# 'rhhig, the, method of, tiled by fame of the inhabitants of Sumatra, p. 164. 

Y. 

tif/% Experiments made there upon air, and the effefts of different kinds of effluvia-, 
upon it, {>, 194* See Air* 

Z. 

lime, On the ufe of an amalgam of me, for the purpofe of cleancal excitation, p* 35 * * * 


Tm inn or the Sxxty-Eiohtk Volume, 



The jmmterof Puts* m thit volume It XVfll'. 


E R H A V A. 


Page 50, line $, after Mr. Charles Hutton, mu V, R. :*«. 

13ft, line _{,/«' (event it, nW eighth 

146, line 6 irom the htuf^m,/V onhrulfy, rtaJ unhealthy 

tte, Hue 2j etfttr Eiiw.tni King, Kfij. Nnf F. R..‘5. 

thz, Ike 7»/> Rigr tree mi Sago (ten 

306 , line t <,/#r Win mi were 

243, line t?, ij, i|,/ir fnclking a |nrt»*i~-MH luhu* ‘ai tv* 
doling an Account ni Mr, wii/W. j,.<v|trt tme wit, «** 

the statute and u(c «l Owt!iki**r, .ohhaic.l to »;< 


M\)fS t v. 

a8,, lute 7 from, the Uiitnin,/#»• truing, u,id nuking 
337, line t f far ccudnJal, iWtondtulrtl. 

544, line i,/or Abmtft, *mJ Abbott 
567, line \ r fht Karaft rml EstraiM. 

57 », line 4 , «f!<r GeorgeJJoytl, mm Kllj. F, H.l!, 

57J, i line 1777 

S?kJ 

<77, Rain in February >8,/«r t .5 

07 * ******** July Utpr l.lfj}, fru./it,*i^ 

593* . "** **<***• (VMrCr iff,/* rfrf./it.fltyj 

5§Si • 1 ****“' January/>* j.ojv, mi ut>pi 


mmmm ■ »— «» » » » J«ly,/«r £,697, mi 4.G77 

’«* — *■» »» whole yeaf,/#f 35 . 371 , read n*$t 
li 5, line bk$, mi being 
%» Ike'»5, fir ihefc mi ifctit 




